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Toward a Further Hypothesis on the 
Scandinavian Caledonides 


By 
Maurits LINDSTROM 


Abstract. A synopsis is prepared of the strike of 1474 lineations and 796 sub-verti- 
al s-surfaces indicated on published maps of areas in the Scandinavian Caledonides. 
The material seems to support the hypothesis that parts with different strike were 
largely deformed during different phases, and that a given phase of deformation gave 
origin to about the same strike wheresoever it had effects. It is suggested that there 
were at least three main deformation phases, first one with transport toward about 
ESE, then one with transport toward about SSE, and finally one with transport to- 
ward S (and E). The first phase is taken to have affected the whole of the mountain 
‘chain. Its traces are best preserved and dominate in the central parts. The second 
phase had its chief effects in the north and in the southwest, where its strike directions 
dominate in the maps. The last phase dominates locally in different parts of the 
mountain chain. 


The Caledonides of Scandinavia arose by shortening of the Earth’s crust in 
NW-SE, with big overthrusts toward SE as a result. Little is known about 
‘this process. Most hypotheses that exist take for granted either or both of the 
assumptions that there was one single main phase of deformation, whether 
short or prolonged, and that there was a single direction of main transport. 
(A couple of noteworthy exceptions are dealt with later on in this text.) These 
assumptions are specific. A reduced, generalized assumption for the case is that 
there may have been any number of deformation phases and any number of 
4ransport directions, the directions at right angles, and parallel, to the regional 
strikes being the most probable ones. It will then remain to be proved, how 
many phases and directions that can be found. 

Clearly, the condition for a differentiation of transport phases in a certain 
area is that we find distinct populations of deformation structures that differ 
constantly in some respect, e.g., as regards direction of strike, as regards charac- 
teristics of the deformation planes, or as regards proved geologic age of the 


rocks affected. 
I have collected a great number of tectonic data in two parts of the Cale- 
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donides of NW Europe. In both these parts, there are different, quite distinc 
populations of linear structures. 

In six small areas (P, N, K, A,.H, S, of the map, fig. 1. See Linpstr6m 1957 
1958 a & b) in the Swedish Caledonides, north of the Arctic Circle, the orienta 
tion of altogether 3370 “lineations” (defined in op. cit.) and 4550 s-surface 
has been determined as exactly as possible, with notations as to a few charac 
teristics, i.a. relative age of lineations found to intersect one another on th 
same s-surface. It has been possible to conclude from the material that ther 
were at least three phases of deformation in these areas. The phases can b 
subdivided into stages, with rather different degrees of certainty. Each stag 
is characterized by a certain direction of transport that is surprisingly constan 
from area to area. During the first discernible phase, the Palnoluokta phase 
transport went in directions about ESE, then, during the Trappsteget phase 
there was transport toward about SSE, after which the Raijkijokka phase cam 
with transport toward E and (or?) S. 

In the tightly folded Ordovician and Silurian greywackes and shales alon 
the coast of the Rhinns of Galloway, in the extreme southwest of Scotland, th 
orientation of 1600 bedding-planes and 2090 joints has been recorded (Linp 
strOM 1958 c). Two populations of fold axes are very distinct and coincid 
fairly well in orientation with two populations of joint normals. From: th 
evidence collected, it is clear that there was first transport toward about N 32 
W, then toward about S 15° E. These directions are quite constant all throug 
the area investigated. Both in this case and the Swedish ones, the different axia 
trends partly occur together, in the same localities, and partly dominate dif 
ferent sections and tectonic units, so that the fabric of an area of some size i 
almost entirely dominated by one set of linear structures. Two adjacent region 
that are dominated by different deformation axes will of course also differ 
i.a., In main regional strike, so that a deflection will appear on the geologic 
and probably also the topographic map. The deflection may be even and smoot 
rather than abrupt, as there is often an intermediate zone where neither o 
the two tectonic axes is entirely dominant (but where, on analysis, each of th 
two axes can nevertheless be shown to be represented by a distinct populatio: 
of linear elements). 

As there is clear evidence of different deformation phases in the only tw 
parts of the Caledonides, with which I am to some extent familiar, it is nature 
for me to believe that similar conditions will be found in other parts of th 
mountain chain as well. The constancy in axial trends in the 85 km lon 
section made up by the areas in northern Sweden has led me to the belie 
that the direction of transport of a given deformation phase may have beet 
the same over even greater distances. The movement of a tectonic unit wit 
an areal extent of hundreds of km? is hardly a local incident. However th 
forces are applied that cause the movement, they must arise on transport © 
masses in even greater contexts. The movement direction and its traces in th 
tectonic unit will reflect the direction of the forces, and the course of the mor 
large-scale events will determine the whole. As a whole, the vast tectonic shee 
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cannot be rigid. There will thus be local deviations of the transport direction. 

The local deviations do not matter very much, for if they are summed up, the 

main transport will appear. However, if there are separate phases with dif- 

ferent directions of main transport, each of which appears in the whole extent 

of the sheet, these events must be caused by changes in the fundamental large- 

scale process, and such changes will have effects of some kind, far outside the 

area of our tectonic sheet. Of course, it is possible that the distinct phases 
_ found in this sheet are the local effects of a source process that is long and 
continuous, but even so, the changes found from phase to phase must indicate 
changes going on in the fundamental process. 

If there were separate deformation phases in the whole or in much of the 
Scandinavian Caledonides just as in the areas in north Sweden, and if, as in 
these areas, the transport direction changed in the course of the process, there 
should be a very great variation of strike directions of linear elements, and this 
variation should not be continuous, but should have distinct modes. Further, 
the variation of axes found for the whole should also be found in many of the 
minor parts. These conditions can be checked to some extent, by using the 
indications of axial strike given in some texts and on a good many maps of 
various minor areas with undoubtedly Caledonian tectonites. The linear ele- 
ments collected from these publications belong to two groups. To the first 
belong “‘lineations”’, or major and minor folds and “stretching”. These struc- 
tures are frequently homologous, and are often shown by the same sign on 
F maps. They have in common that they should tend to be either parallel or 
normal to the transport in which they arose. The second group comprises s- 
_ surfaces (bedding-planes, foliation, schistosity) that dip 70° or more. As men- 
_ tioned by Lanpmark (1951) such planes with sub-vertical dips should tend to 
J he parallel to fold axes. 

Several important errors adhere to these data. There are the unintentional 
errors that must arise in my recording of the strikes of the map symbols, how- 
ever much I have tried to be exact. There are equally unintentional errors in 
the drawing of the maps, as well as in the mapping geologist’s observations. 
These errors should not be systematic and can probably be neglected. A good 
many of the lineations recorded may be generalizations for an outcrop or a 
series of outcrops. Such estimates may have been influenced in several ways 
causing systematic errors. There is a very frequent tendency to group a strike 
direction under the nearest direction ending with 0, or 5. For instance, folds 
striking N 76° E and N 83° E may be more likely than not, to be recorded as 
striking N 80° E. Or, e.g., folds striking in any direction from N 55° W to 
__N 80° W are noted as striking “WNW”, after which they are most likely to be 
rendered as striking N 67° W on the map. Most authors will agree that their 
maps were not drawn in order to serve as reference material for exact observa- 
tions on axial strikes. If it will be justified to draw certain conclusions from 
the material, the very nature of the material, as well as its relative scarcity, 
makes it necessary to regard these conclusions with some skepticism, 1e., as 
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The map, fig. 1, shows roughly where the main areas are situated, for which 
it was possible to obtain axial strikes from publications. Below, the publications 
are listed under the numerals used for the areas on the map. 


1. Reuscu 1888. — 2. Sorspye 1949. — 3. Fost 1955 (lineations and fold 
axes only). — 4. Kvae 1948 (lineation and fold axis maxima >5%, from 
the diagrams pls. 14—21). —- 5. LanpMark 1949. — 6. Stranp 1950. — 7. STRAND 
1954. — 8. Srranp. 1939. — 9. Srranp 1945, D23, p. 31. — 10. StRAND 1951, 
p. 28. — 11. ByortyxxeE 1905, pp. 1—158. — 12. BjortyKkeE 1905, pp. 220—399. 
— 13. Martow 1936. — 14. Hortmsen 1948. — 15. Hotmsen 1943, p. 49. — 
16. Orrepant & Hotmsen 1950. — 17. SrAtHés 1956, pp. 303, 318, 325, pl. 
1; SrrOmBerG 1955. — 18. Broccer 1882, Profil von Hovikskjér; Kiar 1908, 
pls. 22, 23, p. 415, maps 1, 3; SxyeseTH 1952, p. 141; Stormer 1933, p. 117. 
— 19. Hernes 1956, pp. 30, 31. — 20. Vocr 1945. — 21. Hottrepaut 1938, 
p. 32; Rosenevist 1941, p. 27. — 22. Vocr 1940, p. 173. — 23. Asktunp 1935, 
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Fig. 2. — D1. Rose-diagram for number of linear struc ing 

; Die a tures in 5° about 
any given direction. Based on 1474 axial strike symbols on maps. The jae 
circle in D 1—D 3 indicates the frequency 100. — D 2. Rose-diagram con- 
structed like D1. Based on 796 strike symbols for sub-vertical s-surfaces. 
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p. 17; Asktunp & THorstunp 1935, pp. 47, 49; Happina 1912, pp. 595, 596; 
Tuorstunp 1937, pp. 7, 24; THorstunp 1940, p. 57, pls. 13, 14; THorsLunp 
& Asxiunp 1935, p. 8; Zenzkn 1930, pp- 95, 96. — 24. Du Rierz 1935, — 
29. Fost: 1957; Oxaat 1910. — 26. Hoczom 1925. — 27. Du Rrrz 1941. 
— 28. Kutuinec 1933. — 29. Beskow 1929. — 30. Micuet 1950. — 31. DE 
Munck 1951, (not the text figures). — 32. Areva 1950. — 33. MarsTRANDER 
1911. — 34. Buccer, J. 1948; Oxaar 1919. — 35. Rexsrap 1913.— 36. SJOGREN 
1900; Vocr 1927, pp. 126, 128. — 37. Hoxmguisr 1900. — 38. Kaurtskxy 
1953. — 39. Fost 1936; Fost 1949. — 40. LanpMARK 1951, map 3, p. 245 (only 
straight lines recorded by me, possibly somewhat subjectively). — 41. Papcrr 1955; 
Voxes 1957. — 42. Foyn 1937. — 43. Krerr 1952; Mutper 1951; UyrenBoGAARDT 
1953. — A few strike directions were obtained from each of the following 
sources that have not been used for the map: Buppinc 1951; BuccE, C. 1939; 
Du Dresnay 1950; Hortmsen & Orrepaut 1956; LAKEMAN 1952; OFTEDAHL 
1944, p. 195; Oxaar 1911; ToRNEBoHM 1896; ZENzEN 1927. 


_ The paper of Kutiine 1955 that also contains a compilation of lineations, 
for the Caledonides of southern Lapland, has been found to be very useful as 
a source of references. 

The strike data are brought together in diagrams D 1—D 3. The diagrams 
show the number of strike observations in 5° about any given direction. One 
might also count the recordings in, for instance, 1 % of the periphery. The 
counter cell of 5° used in this case has the advantage that the interval 
5° probably plays an important part in the field observations of many 
Seologists in being the accuracy limit of their observations. Axes with a 
recorded strike difference of less than 5° may share a single actual strike. It 
ean be argued that from this point of view the cell width 10° should be even 
more reasonable, but that would reduce the sensitivity of the method too much. 

In the diagrams, there is a corresponding maximum or minimum, respec- 
tively, at 90° to each of the main maxima and minima. This is especially 
evident in the collective diagram, D3, and is in good agreement with the 
theory that folds arise parallel, as well as at right angles, to a direction of main 
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- . . . . d 
— -d constructed like D 1, fig. 2. Based on total material use 
 ° Bekok for D 1 and D 2, 2270 strike symbols in all. 


370 MAURITS LINDSTROM [Nov.—Dec. 1958 


transport. If the maxima were determined chiefly by the geologist’s tendency 
to group strike observations under headings like W, WNW, NW, NNW, etc., 
the chief maxima should be in W, N-67° W, N 45° W, N 22° W, N, N 22° E, 
N 45° E, and N 67° E. It is true that in D 3 we find very prominent maxima 
in W and N, but in N 66° W, N 23° W, N 25° E, and N 67° E there are in- 
stead very obvious minima. The NE and NW maxima are removed 2—3° in 
the same sense, anti-clockwise, relative to the expected positions in N 45° E 
and N 45° W. One must therefore conclude that the maxima are due largely 
to orientations occurring in nature. 

The orientation of linear structures seems to support, rather than contradict, 
the hypothesis of deformation phases that differ in axial trend and range over 
the whole Scandinavian section of the mountain chain. Do axes of different 
orientations occur mixed up to the extent demanded by the hypothesis? Before 
trying to determine this, one may conveniently group the strike observations in 
orientation classes. The classes will be best delimited by the minima of the 
rose diagrams. The W class comprises strikes about W, from N 80° W to S 85° 
W, the WNW class strikes in N 53—79° W, the NW class in N 42—52° W, 
the NNW class in N 6—41° W, the N class in N 5° W—N 10° E, the NNE 
class in N 11—37° E, the NE class in N 38—48° E, and the ENE class in 
N 49—84° E. The map, fig. 1, shows the frequencies of the different classes in 
the source areas of the material. It seems evident enough that no single area 
has furnished the majority of axes within a certain class, and that most areas 
have yielded representatives of several orientation classes. So, one has the right 
to keep up the hypothesis. 

It has been stated that lineations striking at right angles to one another are 
likely to belong to the same phase. For this reason, a further convenient group- 
ing is possible. The N and W classes are called Group N, the WNW and NNE 
classes are called Group NNE, the NW and NE classes are called Group NE. 
and the NNW and ENE classes are called Group ENE. The westerly and 
northwesterly strikes are called by the customary term, transverse, and_ the 
northerly and northeasterly are called Caledonoid, the equally well-known term 
of Lapwortn’s. Each Group has thus one Caledonoid and one transverse com. 
ponent. The diagrams, D 1—D 3, allow us to characterize the Groups to some 
extent. 

What strikes one first is the predominance of Group N, especially the W—E 
lineations (D 1). Group NNE has its chief maxima in N 69° W, N 62° W. 
N 20° E, and N 31° E. Among the lineations the transverse axes predominate 
whereas among s-surfaces, D 2, those with Caledonoid strikes are the mos 
common. With Group ENE it is a rather different matter, as Caledonoic 
strikes are the most common on the whole. The chief maxima are in N 38° W 
N 28° W, N 8° W, N 52° E, N 58—60° E, and N 82° E. As for Group NE, i 
is most strongly represented by lineations, chiefly transverse ones. If the Group: 
are to be compared with the deformation evidence from my areas in nortl 
Sweden, Group NNE corresponds as regards strike to the oldest phase, the 
Palnoluokta phase. This correlation agrees well with the fact that this Grou} 
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contains such a big proportion of transverse lineations. Transverse lineations 
(B’ = a) should form the most readily at very intensive transport under great 
hydrostatic pressure. Such a transport is likely to obliterate traces of earlier 
deformations. Thus, if transverse lineations are formed during the last stages 
of deformation, it is probable that there will not be many other populations 
of axes left. It also seems that the last phases of an orogeny should decrease in 
strength, so the most intensive deformation is likely not to be the very latest. 
If, thus, the transverse lineations of Group NNE indicate an early age for this 
Group and support its correlation with the Palnoluokta phase, there is the 
question why the sub-vertical s-surfaces belonging to this Group (D 2) are not 
also as a rule transverse. The answer may be that the major s-surfaces (others 
are probably not recorded) were largely oriented during the final stages of the 
transports toward ESE. Before that, they were used as gliding-planes, and 
were effectively prevented from being rotated about B = b. But why, if the 
Group is an early one, do its s-surfaces dominate over those of other Groups? 
It is contended in Linpstrém 1957, p. 14 & 1958b, p. 7 that s-surfaces with, 
orientations that are extreme in some way are likely to belong to late phases. 
Sub-vertical s-surfaces are indeed extreme and seem likely to be somewhat 
reoriented by any transport that is strong enough to form a set of fold lin- 
cations. This, I still maintain, is true in the regions of large-scale nearly hori- 
zontal thrusting. But a great deal of the material now discussed is from more 
central parts of the mountain chain, where the zones of vertical dip may reach 
very deep and thus be fairly persistent or resistant in any later deformation. 
Group ENE can possibly be correlated with the somewhat later Trappsteget 
phase that saw development of many folds with Caledonoid strike. As for 
Group N, it corresponds in strike with the Raijkijokka phase. The predominance 


of lineations striking W may indicate that movement took place largely 


=% 


in the direction N—S. Group NE is hard as yet to identify with any of the 
deformation phases in north Sweden. Lineations with the strike of this Group 
surely abound in those areas, but even there, their age-assignment is somewhat 
problematic, as some of them may belong to a very early stage of the Palno- 
luokta phase and others seem to belong to the Trappsteget phase. 

The Scandinavian Caledonides do not strike uniformly in NNE. In the SW 
and in the N, the strike is deflected to ENE. It would be interesting to try to 
find out, to what extent these deflections are due to the deformation phases 


- discussed. If, for instance, the central part that strikes NNE is dominated by 


folds belonging to Group NNE, and the parts striking ENE are dominated by 
Group ENE, this may be evidence that the deflections are due to dominance 
of different phases. Textfigs. 4—6 were prepared in order to find out if there 
are any such relations. Textfig. 4 shows the quotient of the number of axes 
belonging to Group NNE divided by the number belonging to Group ENE for 
all areas where there are more than four strike signs belonging to either or 
both of the Groups. Where the quotient is less than 1, Group ENE dominates, 


and where it is more than 1, Group NNE is in majority. However crude the 


method may be, and however much it may depend on non-pertinent factors, it 
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still gives a rather convincing result. The parts that strike ENE are indeed 
dominated by Group ENE and those striking NNE are dominated by Group 
NNE, but — and this is most important — in any of the parts there occur 
streaks of areas with a majority of the other set of axes. In other words, the 
phases of deformation have had their effects along the full range of the moun- 
tain chain, but the later of the phases has had especially great effects in some 
belts, and these belts are now dominated by the fabric it imposed. 

Fig. 5 shows how many percent of the axial records in each of the areas that 
are made up of Group N. The phase that formed this Group probably was the 
latest. It seems not to have had any profound effects on the general strike of 
the mountain chain. Its results are spread along the whole of the chain, with 
but a few areas here and there that have been strongly affected. 

The relative frequency of Group NE, expressed in percent, is shown in fig. 

6. It appears that these axes are not perfectly independent, but are largely 
correlated in space with Group ENE. 

Some special implications of the hypothesis are worth discussing. Fig. 7 
shows my idea of the fold systems. It is very generalized and to some extent a 
caricature. The breaks between the different trends are exaggerated and more 
angular than in reality. Many features are omitted, as each special interpreta- 
tion at this stage may be as likely as not, to be wrong. The NW and NE axes 
are left out, as they are hard to identify in the general picture (some of these 
axes may belong to the very oldest). Each Group is represented only by two 

‘directions, one transverse and one Caledonoid, although in reality several 
‘trends exist at least in Groups NNE and ENE. 

The Oslo area (fig. 1:18) is dominated by Group ENE. Kiar (1901) 

made a detailed study of the distribution of facies in the uppermost Ordovician 
in part of the area and concluded that there was definite folding already dur- 
ing the deposition of these strata. SpyeLpN&#s (1957) confirmed Krar’s find- 
ings by discovering angular unconformities at the Ordovician — Silurian 
boundary. A long time after this episode of folding, the whole area, including 
the Silurian, became rather strongly folded. So, here is good stratigraphic 
evidence of different phases of Caledonian deformation. It is really interesting 
‘to note that according to Kr#r’s facies maps (1901, pp. 47—50) the late 
Ordovician folds do not strike in ENE, as do the post-Silurian ones, but in 
directions about NNE. Could Group NNE, and the Palnoluokta phase, be 
dated to about the end of the Ordovician? 

The dominance of Group NNE in parts of southern Norway is largely found 
in low tectonic units (the Sparagmite nappes) that may, like the hard-schists 
in north Sweden (Linpstrbm 1958a, p. 61), have obtained an early penetrative 
fabric and then kept it, possibly because they were less affected than the higher 
units by movements that came later. 

Devonian strata in western Norway have largely been drawn into the Cale- 
donian tectogenesis. Hotrepant (1953, pp. 455486) gives a very useful 
summary on the Downtonian and Devonian in Norway. On the islands outside 
the Trondheim fjord, sediments as old as Downtonian are strongly dominated 
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Fig. 6. — Percent strike symbols belong- 

ing to Group NE in the different areas. 

Percentages of 20 and more are shown 
by big-sized figures. 


Fig. 7. — Diagrammatic representation of 
the fold-systems of the Scandinavian Ca- 
ledonides, according to the author’s inter» 
pretation. Thought of as illuminated 
from NW. 
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by Group ENE. Group N dominates in the Middle Devonian of western Nor- 
way, but there seems also to be some evidence of Group ENE (Bulandet, cf. op. 
cit., p. 471). The mostly non-metamorphic Devonian sediments largely rest on 
highly metamorphic Caledonian schists. Seemingly, erosion of the mountain 
chain must have worked down to this level before the deposition of the De- 
vonian. For instance, at Gloppenfjord there is, close to the Devonian, an anti- 
form of Caledonian metamorphics (Kotperup 1950, pp. 4—5). Most of the 
Gloppen antiform is a transverse structure belonging to Group NNE, but at 
its eastern end, the axial strike is NNW—N, which could be a deflection toward 
an early transverse strike belonging to Group ENE. On the other hand, as 
mentioned above, Group ENE appears in strength in Downtonian and De- 
vonian rocks in the same areas. Seemingly, deformations producing Group 
ENE must have continued over a very long span of time, from sometime in the 
Silurian and well into the Devonian. 

It is less astonishing according to my hypothesis to find conditions like those 
at the north edge of the Kvamshesten field, or W of Hasteinen, where, ac- 
cording to KoLperup’s map (1928, pl. 1), Devonian strata with W—E strike 
rest on Caledonian metamorphics striking WNW, ie., belonging to Group 
NNE. 

Group N might have been formed any time in the final Caledonian stages 
after the early Middle Devonian. In the southern and central parts of the 
Scandinavian Caledonides, movement during this stage was probably largely 
toward S, or it would be hard to explain why W—E fold axes are so dominant. 
“Ku iiine’s Rédingsfjall nappe (1955, p. 215) may have been finally put in its 
place by southward movement during this stage. From the area of this nappe, 
bE Munck (1951, figs. 9—11, 16) pictures N-—S folds, that, in my opinion, 
have the characteristics of B’ = a, i.e., they should have been formed parallel to 
the main transport. 

Some of the general hypotheses on the Scandinavian Caledonides are not 
concerned with axial trends and are also not in conflict with my ideas. This is, 
for instance, the case with the one of Kautsxy (1946, 1947), who maintains 
that there was first very large-scale thrusting in southeasterly directions, then 
strong “plastic folding” and granitization in NW. A modification of this 
hypothesis may well be compatible with the sequence of deformations for which 


J argue. 

On the other hand, Vocr (1954 a & b) has put forward an explanation of 
divergent axial trends, according to which the strikes in the Scandinavian 
Caledonides were deflected to various degrees by wrenching along a continua- 
tion of the Scottish Great Glen fault. This, I must admit, is a very beautiful 
hypothesis in the sense that it unifies very much observation material, and in 
the further sense that it can bring about a great deal of research activity, 
pecause it is capable of being proved or disproved by studies on points that are 
vital to it. One such point is the sum of the fabrics of Devonian strata 
in western Norway. Further, detailed sampling of lineations and other small- 
scale fabric elements along any really extended sections from the Norwegian 
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west coast and eastward might answer the questions if there is for all tectonic 
axes a constant trend of strike deflexion toward the coast, or if there is 
any identifiable set of axes that keeps the same strike all along the section. Only 
with a positive answer to the former question can Voct’s hypothesis be regarded 
as confirmed. Already, one can criticize parts of his hypothesis, although the 
criticism does not hit the core of it. For instance, Vocr (1954b, p. 43) pictures 
the transverse folds of the Otta valley as due to wrenching of originally Cale- 
donoid structures, effecting a rotation by more than 90°. Now, OFTEDAHL 
(1950, p. 215) states that in the Rondane area, near the centre of Voct’s 
wrench structure, lineations of an ordinary transverse kind strike fairly con- 
stantly in WNW, which is what they normally do elsewhere at the same tec- 
tonic level, but which should not have been the case, had there been much 
wrenching. The same is the case at the very apex of the structure, in the Sel 
and Vag& map areas, where Srranp’s (1951, p. 28) diagrams show the usual 
concentration of transverse lineations about WNW—ESE. 

Furthermore, Voct’s map (1954b, p. 43) shows the dominant strikes of 
najor tectonic lines in southern Norway to be about due NE, which does not 
agree with the axial strikes compiled from publications. See this paper, fig. 4. 
and the map, fig. 1. It is rather more probable that most of the major struc- 
tures strike about ENE. 

Hernes (1957) has modified Voct’s trend map, and given an interpretation 
that seems to differ radically from that of Vocr. He states (p. 247) that the 
arcuation of the mountain chain may explain the diversity of axes. He further 
explains the arcuation as due to compression both from W and N (p. 249). 
This hypothesis also appears to be fairly complete. However, in stressing the 
northerly trend in westernmost Norway, Hernes does not take into account the 
diversity of axes that does exist there (cf. my fig. 1). Neither does he very much 
consider the strike trends in the metamorphic schists in the Caledonian sub- 
stratum of the outliers of Devonian referred to above (p. 375). If the diversity 
ot axes arose by a vice effect, by compression from W and N, we should proba- 
bly find a dominance of either westerly or northerly axes in most areas, and 
axes of other directions should merely represent, at the most, the extremes o! 
populations with their modes in W and N. There should not appear any other 
maxima in a large enough regional synthesis. Like Hernes, I believe that there 
was movement from N and W, but I do not believe that these movements hac 
the regional importance that Hernes attributes to them. 

According to Kvare (1948, pp. 7, 196—205) the diversity of axial trend: 
may be explained by the principle that lineations may, under certain circum. 
stances, form at almost any angle to the main direction of transport. The 
principle is probably true, and it may be one of the possible general explana 
tions in cases where one finds a continuous scattering of axial directions. How. 
ever, I believe that the principle cannot be used as the only explanation ir 
cases where the axes are grouped about separate maxima. 

It is evident that my hypothesis is in conflict with any assumptions of large 
scale influence of pre-existing structural trends on the main directions of tran 
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sport, cf. Horrepant 1944, p. 21, and LanpMark 1951. Such an influence is 
largely disproved by the conditions found in my areas in north Sweden and in 
SW Scotland. See Linpstrém 1958b, pp. 10—11. 

With this paper, I have not meant to say that similar strikes in a very large 
region necessarily arose in the same phase of deformation. The inversion of this 
statement is more likely to be a general truth — that a certain stage of deforma- 
tion gave rise, on the whole, only to a single direction of axial strike, or to two 


_ directions at right angles to one another. 


It is much too early to formulate a theory on the formation of the Scandi- 
navian Caledonides, let alone, on mountain-building in general. Meanwhile, 
we must try to be aware of all the possible hypotheses we can find, and help 
‘to collect reliable evidence. As a part of such efforts, the present paper should 
indicate some fields where it is important to increase our knowledge. See, for 
instance, the map fig. 1. The axial tectonics of the Oslo area want a painstaking 
investigation, and so do the fabrics of the Caledonian gneissic rocks of western 
Norway, as compared with the more phyllitic, largely overthrust tectonites. The 
tectonic axes in the key areas between the Trondheim fjord and the lake Stor- 
sj6n are practically unknown, and very little fabric work has been done in the 
extreme north of Norway. 
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Extremely Soda Rich Rocks in the Karelian Zone, 
Finnmarksvidda, Northern Norway 


A Contribution to the Discussion of the Spilite Problem 
By 
T. GJELSVIK 


Abstract. Greenschists and associated smaller beds of graphite schist and felsite, as 
vell as intrusive rocks of diabasic and granitoid character, all belonging to the Karelian 
‘one, show strong enrichment of albite, the soda content reaching 10 per cent. This 
oda prominence is discussed in relation to geosynclinal sedimentation and volcanism, 
egional and contact metamorphism, and other orogenic developments. 

No positive correlation between soda content and the regional metamorphic grade 
vas found, and since albite rich sediments were deposited more or less contempora- 
veously with the extrusives of the ophiolites, the albitization most probably occurred 
hortly after the consolidation of the flows. 

As some of the intrusive greenstones, to which leucodiabases are related, are defi- 
uitely late orogenic, and the granitoid rocks late or post orogenic, they are most 
wobably derived from palingenic magmas whose soda richness is inherited from the 
pilites and the associated schists. 


Introduction 


_ The spilitic affinity of the greenstone series of the Karelic mountain chain 
vas been discussed by various authors taking part in the geological exploration 
#f the Swedish and Finnish parts of Fennoscandian Lapland (Sunprus (1915), 
SEIJER (1916), Esxora (1925), Hackman (1927) and Besxow (1929)). 

Systematic geological surveys in the Norwegian parts of Lapland (Finn- 
marksvidda) were not undertaken until quite recently. In 1954 a team of 
seologists, of which I was a member, started to explore the western part of 
‘innmarksvidda. The abundance of albite-rich rocks within the area was noted 
ind preliminarily discussed in the first paper published by the team (HoLMsEN 
t al. 1956). During my work in the westernmost parts of the area, albite-rich 
ocks were found to be spacially related to copper and uranium mineralization 
Gyetsvik 1957, 1958 a). I therefore found it necessary to make a rather 
horough petrographic and chemical study of them. Some data were presented 
't the 1958 winter convention of Nordic geologists in Finland (Gyrrsvix 1958 
»), but at that time the chemical analyses were not completed. 


Description of Rock Series 
GEOLOGICAL SETTING 


The main geological units of the area investigated are granite, gneiss, quartz- 
te, greenschist and quartz-mica schist. Many granitic and gabbroic intrusive 
yodies occur, mainly along the contacts or within the supracrustal rock series. 
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The rocks are folded, faulted and disturbed; the main structural trends bein 
NS. These features, combined with a widespread overburden of glaciz 
deposits, have made it difficult to determine the stratigraphic succession wit 
certainty. 

A pre-Karelic unconformity is nowhere exposed, and if present at all, a 
intense late Karelic granitization (K-metasomatism) has probably removed th 
traces of it. In the gneisses near the contacts with the supracrustal rocks, relic 
oi the latter are numerous. In the central gneiss area, however, relics of pre 
cranitization rocks mostly consist of massive granodiorite and amphibolite, an 

also of some old-looking gneisses and migmatites. At the present stage of th 
investigations the possibility of pre-Karelic rocks in the central parts of th 
gneiss areas should not be excluded. 

For details of the geological relationships the reader is referred to the publi 
tion of the team. In the following, detailed description is confined to th 
greenschist formation and the various albite-rich rocks. 


THE GREENSCHIST FORMATION (GASKIAS GROUP) 


The greenschists represent a period of extensive basaltic volcanism in th 
Karelic geosyncline. They are preserved in several synclinal belts, the larges 
of which is the central zone covering the Stuorajavrre drainage basin. Thi 
greenschist belt is nearly 30 km wide, and is formed as a synclinorium with - 
number of smaller synclines and anticlines. The best exposures are found in th 
NW on the Caskias mountain which has given name to the formation. In : 
downfaulted block, including the Caravarre mountain, some “argillite” an 
grit beds overlie and partly alternate with the greenschist. Elsewhere the greer 
schists consist of a rather monotonous succession of schistose rocks, partly bande 
and frequently alternating with thin beds of limestone (dm—am thick, rarel 
exceeding 5 m), and a few thin beds of pelitic and carbonaceous materia 
Thick basalt flows or pyroclastic beds are rarely found, large amounts of th 
greenschists appear to be sedimentary layers formed by quick erosion of flow 
cr pyroclastic beds, and consequent deposition, and possibly by direct depos 
tion of tuffs in water. The greenschists are generally highly schistose; howeve 
cccasionally primary volcanic features are preserved. The least altered greer 
stones are found near the Carajavrre region. In the Caskias area the schists ar 
often isoclinally folded. 

The main minerals of the greenschists are: hornblende, chlorite (frequent! 
clinochlore), and albite. Quartz, calcite and iron ore may be rhythmical 
abundant in the banded greenschists, and occur as odd grains in most othe 
types. 

Generally albite occurs in very small, untwinned granules, often concentrate 
in bands a few mm or cm wide, alternating with chlorite and hornblende-ric 
bands of the same size. In most rocks hornblende and chlorite are needleforme 
(porphyroblastic), the former often concentrated in sheaves (fig. 1). In som 
layers, apparently original flows, scattered remnants of plagioclase phenocrys 
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Fig. 1. Sheaf structure of hornblende in greenschist, Caskias. Fine-grained 
matrix mainly albite. 15 x. 


Fig. 2. Hornblende porphyroblasts and relic plagioclase phenocrysts in chloritic 
greenschist, Caskias. 45 x. 
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Table I. Greenschists from Caskias 
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AOR cove || WG 0.18 0.13 0.09 
Sumieenee 100.27 | 100.30 | 100.20 99.98 
Seep nase || ea) 2.93 2.91 2.88 
Revenue 0.04 0.03 0.01 0.01 
Niggli parameters 
| St | ti | al | jm | mg | c | C0, | alk | E | p 


1 117 ily) 20:05). 49:5" |0:56.991920:0 0.2 10.5 0.04 0.3 
2 104 1.9 22.7 59 0.64 8.7 0.0 9.6 0.03 0.3 
3 122 rs 2 Speen | 0.57 20.0 2eS 11.8 0.01 0.3 
4 153 2.8 26.7 43.7 | 0.46 13.8 0.0 15.8 0.01 0.2 
Index 
No. 1 Coll. no. T7/234 Amygdaloidal greenschist, Caskias E. 


1 
2 » » 17/238 Chlorite rich » » ». 
» 3  » » 7/277 Flinty greenschist, Biddjovagge. 
4» » 'T7/281 Banded hornblende schist, Biddjovagge. 


are observed. The composition of them is now albite, but small irregular in 
clusions of calcite indicate a previously calcic plagioclase (fig. 2). Some les 
altered greenschists have amygdaloidal structure, with a fine-grained matrix o 
lath-shaped albite and hornblende needles in a criss cross pattern (pilotaxitic) 
interstitial chlorite and epidote, and scattered phenocrysts of albite and horn 
blende. The amygdules contain one or more of the following minerals: horn 
blende, iron ore, epidote, albite and quartz. 

Chemical compositions of the Caskias greenschists are given in tables I an 
II. They are characteristically high in soda and very low in potash with variabl 


lime content. The types believed to be original sediments (nos. 4, 6—9) ar 
most extreme. 
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Fig. 3. Keratophyre structure in felsite, Caskias. 45 x. 


The interlayered pelitic beds always contain quartz and chlorite, and most 
of them also hornblende and a little albite. Biotite is found in varying amounts. 
The sheaf structure of hornblende is very conspicuous in some thick beds of a 
transition type of pelite and greenschist on the eastern ridge of Caskias. 

Chemically the pelitic beds (table II, nos. 10 and 11) contain ordinary 
amounts of alkalies. 

The mineral composition of the carbonaceous beds of the Caskias formation 
is not easy to decipher, owing to the dense graphite pigment and the fine 
grain-size of the other minerals. Apparently, albite, quartz and micas are the 
major components. A porphyritic structure is sometimes present. 

The soda content of the carbonaceous beds is very high in both chemically 
analyzed beds (table II, nos. 12 and 13), the one from the ore zone of Bidd- 
jovagge being rather extreme in soda richness and potash paucity. 


FELSITES! 


Attending the graphite schist in the Biddjovagge anticlines are some highly 
crushed felsitic rocks, which serve as host rocks for the copper mineralization. In 
some rocks, the structures shown in fig. 3 are preserved, which, though more 
fine-grained, are like those of the leucodiabases, which will be described shortly, 
This felsite type may represent keratophyre flows. Chemically (table II, nos. 
14—16) and mineralogically they are like the leucodiabases, and_ therefore 


1 In this paper the term felsite is used for a dense quartzfelspar rock without genetic 
implications. 
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might actually represent highly sheared leucodiabasic sills. However, rather 
fresh leucodiabases occur in lenses in the same zone, being apparently post- 
kinematic. Thus two generations of leucodiabases seem to be a prerequisite for 
this alternative. In other places the felsites are dense and even flinty, without 
any igneous texture at all. If not for the lack of graphite they could not be 
distinguished from the carbonaceous beds. Carbonate-banded felsite was also 
found in one place. Apparently both sedimentary and igneous material consti- 
‘tute this formation. 


GRIT AND “ARGILLITE” 


Detailed description of the field properties of this rock series is given by the 
Survey team (op. cit., p. 12—14) which applied the above terms. Only a brief 
review is given here. 
| In the region of Caravarre the greenstone is upwards interbedded with grey 

and brown lustrous schists, termed “argillite”, which in turn are overlain by 
alternating beds of grit and “argillite” or siltstone of various types, including 
dolomite layers. Cross-bedding, ripple-marks, sun-cracks, and conglomerates 
demonstrate the shallow water origin of the series, and their orientation shows 
that the rocks are not inverted in this place. They are therefore younger than 
the greenstones. 

The grit is mainly coarse sandstone with a pronounced clastic structure 
(rounded quartz in a very subordinate matrix of sericite and chlorite); the 
-Ynore arkosic and conglomeratic layers also containing microcline, perthite, 
' quartzite, and felsite. 

The “argillites’” or siltstones are generally very fine-grained (< 0.05 mm), 
and accordingly a quantitative distinction between quartz and the two felspars 
is very difficult. Chemical analyses (table VI, nos. 34 and 35) show high 
amounts of sodium. A close mineralogical inspection by high magnification 
reveals that albite is very common, whereas microcline may, or may not be 
present. Quartz is always present, sometimes in a little larger grains than 
felspar. Some buff coloured types (fig. 4) contain great amounts of evenly 
distributed carbonate, while the grey types are poor in carbonate but rich in 
sericite, biotite and chlorite. Like the micas, iron ore (mostly hematite) is 
rhythmically distributed in fine bands. Though the rocks only show incipient 
metamorphism, it is difficult to find clearly clastic structures. Certainly all 
micas and chlorite are recrystallized, no primary “clay fraction” is observed 
(fig. 5), and also the carbonate minerals are recrystallized — as demonstrated 
by small cross-cutting carbonate veins and porphyroblasts. The fine-grained 
quartz-felspar mass has a structure of dubious (interpretation) character, which 
might be a close packing of clastic grains, but might just as well be a recrystal- 
lization (authigenic) structure. It should be noted that rounding of grains of 
this size is not to be expected. 

Carbonate breccias were found at several places, the largest one in and near 
Nijallaav’zi in the westernmost part of the area investigated, and in this pitch- 


blende mineralization was detected. 
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Fig. 4. Buff coloured »argillite»: albite, quartz, calcite, a little mica. 
50 


Fig. 5. Grey »argillitey: albite, quartz, oriented mica. 50 x. 
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Fig. 6. Exposure of carbonate breccia, Sidosoaive. 


The rocks have been intensely shattered, and subsequently replaced by car- 
bonate (fig. 6). Most of the fragments of the breccias are greyish or reddish 
felsite, the origin of which was a puzzle until I undertook the microscopic study 
of the “argillite’” of Caravarre. The felsite is much like the “argillite”, con- 
sisting mainly of fine-grained albite, quartz and carbonate, and with varying 
amounts of microcline. Mica minerals, however, are scarce. Besides hematite, tiny 
rutile crystals are a characteristic accessory of the felsites. The team also men- 
tions the occurrence of carbonate breccia conglomerate in the argillites of the 
Caravarre region (loc. cit., p. 12). In the field season of 1957 I studied the 
northern continuation of the Njallaav’zi breccia towards Rokkojavrre. In this 
direction the brecciation is less intense, and occurs in a bedded formation con- 
taining besides “argillite” of the Caravarre type, also carbonate rich beds, and 
“argillites” which contain more mica minerals (fig. 7). The felsites of this type 
contain large amounts of alkalies, some extreme in soda and others also high 
in potash (nos. 16—19, table II). 


INTRUSIVE GREENSTONES 


Very often the greenschists contain long concordant lenses of greenstones 
with a diabase texture (fig. 8). Though the intrusive greenstones always are 
altered, they are much less so than the schists, and an age difference is most 
probable, if the intrusive rocks have not for some reason been more resistant to 


. 
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Fig. 7. Mica and carbonate rich layer in carbonate breccia, Sidosoaive. 
50k 


Fig. 8. Albite diabase: albite, hornblende, ore. Caskias. 45 x. 
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Fig. 9. Altered hornblende rich albite diabase: albite, hornblende (twinned), 
sericite and chlorite. 5 x. 


Fig. 10. Leucodiabase: nearly 100 % albite, 2 grains of ankerite at 
the top. Caskias. 50 x. 
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Table III. Diabasic rocks 


$a nen ae ee 
[20% eri iae iT o2a) 2 | 25 | 26 | 27 | 28 
_— rrr errr Peo | 
| | | | | | 8.00 | 9.49 | 10.35 
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ALOs 220] OO ee le, ee ere 0.01 | 0.03 | 0.01 | 0.03 | 0.01 
IACI oc ool Cae |! teil) : A 
Feo 11.88 | 651 | 4.23 | 0.50 |Sp. g....... 2.67 2.69 | 2.66 
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H, Ose eee er Osk Oa 0087 a O00 (Ola ap ore ore carb | ap 
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ki Sines 0.06 | 0.03 | 0.01 | 0.02 
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nbs. raceste 65 10 Dak, sascaee st 18.1 19.3° |) 214 3°33:8 
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SO soca 3 3 3 oe [oleae 0.45 | 0.43 | 0.56 0.43 
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pt. acer 5 2 P0055 wanes 2.0 2:6, || 3833 0.0 
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bis. aaeee 2 ss Ke Bees wisttis 0.06 | 0.03 | 0.01.) 0.02 
sér.. eee par mer eee gsi 0.3 0.4 0.4 1.2 
AD salem - * * 
Index. 
No. 20 Coll. no. T7/282 Hornblende rich albite diabase, acer be 
» 21 » » T7/329_ Felspar rich albite diabase, » 
» 22  » » T7/326B Carboanate rich leuco diabase, » 
» 23  » » T7/305 Sphene rich » y 5 » 
» 24 » » T7/276 Fine-grained sill, » 


» 25 » » §7/126B Leuco kee Njallaav’ Zi. 
» 26 » » §7/180 » 


» 27 3 » T7/298A Forphyrite leuco ata "Gaskias E. 
» 28 » » 'T7/324 Granophyric leuco diabase, Caskias E. 


the dynamic metamorphism. Similar intrusive greenstones, though generally 
fresher and larger, occur in the quartzite and mica-schist formations, and the 
team even suggests a post-orogenic age for this group, separating it from the 
intrusive group associated with the greenschists (loc. cit., p. 50). The two 
groups are mineralogically, texturally and chemically so similar that I would 
rather suggest that they belong to the same (late ‘orogenic) intrusive period. 
The main minerals are acid plagioclase (oligoclase-albite) and hornblende. 
Fpidote, carbonate, biotite, chlorite, iron ores, sphene (leucoxene) and quartz 
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Fig. 11. Porphyritic leucodiabase. Caskias. 45 X. 


are present in varying, mostly subordinate amounts. Plagioclase is often seri- 
citized and contains small inclusions of calcite or epidote, indicating an original- 
ly more calcic composition. In some less altered rocks the plagioclase may be 
Ango. In the best preserved rocks hornblende fills interstices between the plagio- 
clase laths (ophitic texture), but during metamorphism it soon starts eating into 
and replacing plagioclase, and with progressive metamorphism the textural 
relationship is reversed: acid plagioclase, greatly reduced in amounts, fills in- 
terstices between chunky, elongated hornblende crystals (fig. 9). 

Chemical analyses of the intrusive greenstones (table III, nos. 20, 21 and 
table VI, no. 41) demonstrate a rather high soda content. 

This type of intrusive greenstone is called albite diabase by Fennoscandian 
students of Lapland geology, and I have adopted the term in this paper. Some 
of the albite diabases are primarily rich in hornblende, thus they grade into 
hornblenditic diabases. 

However, another differentiation trend is more conspicuous. With decreasing 
amount of hornblende the albite diabase grades into leucodiabase,' the most 
extreme types of which are nearly pure albitites. Most often leucodiabase oc- 
curs in independent bodies, i. e. lenses or sills generally less than 10 m wide, or 
even smaller dikes. In these rocks albite generally forms divergently radiating 
laths (fig. 10), somewhat like the bostonitic texture (Johannsen 1931, p. 200). 
A porphyritic texture may be present (fig. 11), the phenocrysts sometimes being 


1 The term given by VAyryneN (1938). A more correct term would be leuco albite 
diabase, but it is too long for frequent use. 
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Fig. 13. Relics of albite laths in carbonate, replacement rocks. 
Caskias. 15 x. 
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zonal. A granophyric texture was found in one or two leucodiabases Mags 12); 
In one lense of leucodiabase, a marginal zone of some dm width consisted of 
flinty felsite identical with the type met with at the Biddjovagge deposit. 

In the typical leucediabases albite is by far the most abundant mineral, 
constituting 70—90 % of the rock. In the transition type hornblende is next 
in rank, but in the typical leucodiabases, hornblende, carbonates, biotite, sphene 
and quartz are equally frequent accessories, one of them usually dominating. In 
exceptional cases chlorite and epidote are formed, generally, however, albite is 
clear and fresh, showing no sign of decomposition. Its crystal outlines generally 
are sutured. The composition is now Ans, though the zonal phenocrysts must, 
of course, be a little more calcic. When quartz is present, it is always interstitial. 
The carbonate minerals (calcite and/or ankerite) may occur interstitially too, 
but commonly they are rhombshaped. Very often small carbonate veins pene- 
trate the leucodiabase. In some places only a few, corroded albite laths occur in 
an otherwise ordinary carbonate fels (fig. 13). 

The extremely high soda content combined with low potash of the leucodia- 
bases is amply demonstrated in table 3, nos. 22—28. 


QUARTZ-CARBONATE-ALBITE-SULPHIDE VEINS 


A great variety of veins is seen cutting all types of greenstones and adjoining 
rock series. Most of them contain small amounts of iron and copper sulphides, 
some of them also magnetite. Very few (coarse-grained types) are rich in 
chalcopyrite and other copper sulphides, but are too small for exploitation. A 
detailed treatment of these dikes or veins is outside the scope of this paper. 
Most common gangue minerals are quartz, calcite and ankerite. In some fine- 
to medium-grained types albite is a main component (NazO content 8.52, 
K2O 0.11, cf. Hormsen et al. 1956, table VI, no. 2) and albitization of the 
wall rock is a common feature elsewhere. Some carbonate dikes cutting quartz- 
mica schists near the bridge of Masijokka are worthy of special mention: the 
carbonate crystals, calcite and ankerite, are very coarse, and also large crystals 
or aggregates of a cobalt-rich pyrite occur. Adinole is found along the contacts. 
But for mineral composition, the dikes are similar to pegmatites. 

Carbonate minerals, albite and quartz also occur as breccia fillings, irregular 
patches and joint fillings, commonly attended by copper and iron sulphides. 
Possibly exploitable copper deposits are located in favorable fold- and breccia 
structures in the Biddjovagge area, on the northern slope of Caskias. 


SODA GRANITE AND ALBITE SYENITE 


In their paper the Survey team describes two grantic bodies of definitely 
intrusive character, consisting dominantly of albite and quartz (loc. cit., p. 
26—28). North of the Raisjavrre lake, forming the northern contact of the 
Gaskias greenschist formation, a third body is located, showing the same fea- 
tures. Albite (Anjo—15) makes up about 70 %, a moderate amount of quartz is 
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Fig. 14. Porhyritic soda granite. Slightly zoned feldspar. 
Stallovarre. 15 xX. 


found in small, round crystals in the main body, while in some smaller sills in 
the greenschist quartz is accessorial, if present at all. The main body is massive, 
but in the sills, which may be slightly cross-cutting, foliation is common. 

In thin dikes, and in the contact zone of the main body, the granite is por- 
phyritic with weakly zonal phenocrysts of albite/oligoclase (fig. 14). 

The Raisjavrre soda granite is clearly younger than the albite diabase, as 
apophyses from the granite penetrate the latter, which, in one place, has also 
been metasomatically altered to an impure talcstone along the contact. 

Accessory minerals of the granite are hornblende, biotite (both somewhat 
chloritized), magnetite and microcline. 

The primary origin of microcline is questionable as this mineral apparently 
replaces albite and is accompanied by myrmekite (fig. 15). Furthermore, the 
granite, going westwards across it, becomes more and more microcline-banded. 
and is finally completely incorporated in the regional-metasomatic granitic 
gneiss formed by a late- or post-orogenic potassium metasomatism. It is alse 
cut by microcline pegmatites, probably associated with the regional granitiza- 
tion. ‘This development is contrary to that described by Grttuty (1935) from 
Oregon, where intrusive, normal granite related to keratophyre and spilite ha: 
been subjected to sodium metasomatism. 

All the three soda granites occur in, or very near, the contact of the green- 
schist formation. During a very detailed investigation of the Caskias regior 
only one of the many granite sills was found to consist of normal granite. 

Normal syenites were not found during the investigation. In two areas albite 
syenites of rather extreme types were encountered. 
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Fig. 16. Albite syenite vein in albite diabase. Njallaav’zi. 15 x. 
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Table IV. Soda granite and albite syenite 


Weight per cent | Modes | Niggli parameters 

| 29 | 30 | 31 | 32 | 29 32 | | 29 | 32 
SiO 61.50 58.61 | qtz 10 si 215 197 
TiO, 0.39 0.05 | an, 70| an, 88] # 1 0.1 
Al,O, 18.75 16.84 | micr 5] bi \ g| a 38.5 | 33.2 
Fe,O, 2.97 3.22 | hbl 7] hbl fm 19.3 18.0 
Feu 0.93 0.92 | bi 3| hem 2] mg 0.45 | 0.40 
MnO 0.02 0.03 | ore 2 Ccavet TRG 12.4 
MgO 1.68 1.44 | carb 1| carb 4) co, . 2.0 Ey 7! 
CaO 3.89 5.12 | sph 1 alk ..2| 2762 a20a 
Na,O ......| 7:44 | 625 | 825 | 923 |.ap E ws .0| 009°) "0.08 
K,O) 222.) 21.08 -|7459 111.47 1} -045)-er 
i. Opes) B06 0.14 
H,O* =...| 0.56 0.76 
COR 0.40 3.43 | Index. 
P.O; .--.| 0.25 0.01 | No. 29 Coll. no. T7/246 Soda granite, __ 
Sveeeeeee Niednjaljok, Caskias. 

» 30 » » 17/230 Granite, sill, 

Sumaemae. 100.12 99.95 / Gataue see 
Sp. g.....| 2.69 » 31 » » 17/202 Soda granite, sill, 


Gedasctokka. 
tee Mae Ape Se 0 Tiree eee $7/156 Syenite, Njallaav’zi. 


In the Njallaav’zi area albite syenites form dikes and sills, partly in albite 
diabase and partly in a breccia on the contact of granitic gneiss and green- 
schists (Gyetsvik 1957). In both cases the dikes are somewhat brecciated and 
replaced by carbonate. In the latter case the albite is coarse-grained (~ 2 cm), 
contains a little hornblende and biotite, and small amounts of other minerals 
related to a younger pitchblende mineralization. The texture is hypidiomorphic 
granular or granoblastic. The dikes in the albite diabase are more fine-grained 
and may exhibit a texture reminiscent of the leucodiabases (fig. 16). 

In the Galanito area SW of Kautokeino, Pehkonen found a similar rock, but 
with more pronounced diabasic structure. 

Chemical analyses (table IV) again confirm the sodium affinity of these 
intrusions. Potash is somewhat higher in the “granite” than in the basic intru- 
sions, but the replacement character of microcline suggests that at least some 
of it was introduced later. 


Discussion 


In one of the most important contributions to the spilite discussion, GiLLuLY 
(1935) summarized and criticized the various theories so far proposed for the 
spilitization of greenstones. Though some important contributions have ap- 
peared subsequently it is convenient to start the discussion with a summary of 
the main conclusions of Gilluly, which are the following: 

1. The spilites are not derived from independent “spilitic” magma suites, as 


criginally proposed by Dewry and Frerr (1911), but the peculiarities of the 
rocks may be of magmatic origin. 
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Table V. Average composition of igneous rocks of other areas 


a 
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4s Average “‘greenstone magma’’ of Lapland. E. Mrxxora 1941, p. 260. 


» composition of 3 albite diabases. » » , pp. 249—251. 
Ill. » » » Lapland syenites (3 from Sweden, 3 from Finland). E. Mixxora 
1941S pe 2s 7: 
nV’. » » » late-kinematic granites. A. Mrxxora 1949, p. 54. 
Ng » » » plateau basalts. R. A. Daty 1933, p. 17. 


2. It is extremely probable that the albitization is not primary, but, rather, 
follows the complete consolidation of the rocks. 

3. Authigenic hydrothermal agencies of albitization cannot be responsible 
for the large scale metasomatism of the spilites. 

4. Neither regional saussuritization (Sunptus, 1915) nor albitization by heated 
sea water during extrusion (BrsKow, 1929) satisfactorily explain the spilitiza- 
tion. 

5. A combination of Goldschmidt’s theory of trondhjemitic differentiation, 
with Daly’s theory of sodium concentration by the action of resurgent water 
‘(from wet sediments) most satisfactorily accounts for the features of the spilites 
and associated rocks. 

In the world wide discussion of granitization which has been raging in 
‘the last decades, a theory of regional sodium metasomatism as an. initial step 
thas been proposed by several authors (e.g. Larapu-Harcues 1945, STRAND 
1951). Beart (1952) found that a late- or post-orogenic albitization occurred 
in tectonically disturbed zones of the nappes of pre-Alpine crystalline rocks, 
which were included in the Alpine orogeny, and he relates this regional sodium- 
metasomatism to the spilitization of the Alpine ophiolites. 

The highly altered state of the Caskias greenschists does not allow any safe 
‘conclusion as to the time and nature of the albitization to be drawn from 
microscopical evidence. Worthy of note, however, is the very small size of the 
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albite crystals in contrast to the porphyroblastic development of hornblende 
crystals. Scattered crystals of greater size are found only in some of the leas 
altered and less soda rich schists. They look “sick”, and in my opinion they are 
best explained as decalcified plagioclase phenocrysts of the original lava, not a 
albite metablasts. 

The problem, therefore, had to be attacked in another way, and chemica 
analyses, especially for soda and potash, have been performed on series’ 0: 
samples from rocks selected from various metamorphic zones and stratigraphic 
formations. 

The theory of a particular “spilite” magma, giving rise to the various albite 
rocks in Finnmark, finds very little support in table V, in which are reproducec 
analyses of igneous rocks from adjacent areas of Finnish Lapland. The average 
“oreenstone” magma, representing 8 analyses, shows only a slight sodium enrich. 
ment from average “plateau basalts”, and the average composition of 3 albite 
diabases, although slightly higher in soda, shows exactly the same k value as the 
plateau basalts. 

Inspection of the chemical data of the Finnmark spilites shows that the im. 
portant enrichment in soda is attended by a proportionally just as important 
reduction of potash. However, the latter element being of less importance thar 
the former in basaltic rocks, the metasomatic changes expressed in Niggli 
parameters, result in high alk, and extremely low k. 

The reciprocal behavior of Na and K during the spilitization process lead: 
to a regional separation of the two alkali elements, rarely matched by other 
geologic processes. 

Calcium, which often is reported to be removed concomitantly with albitiza. 
tion of basaltic rocks of other areas, shows no consistent variation during the 
metasomatism of the Finnmark rocks (cf. the greenschists of table VI). 

For such a widespread and large-scale albitization as that in Finnmark < 
theory of formation by regional metasomatism lies close at hand. The data ir 
table 2, however, raise some important objections. Thus the pelitic beds, whick 
commonly are first and most subjected to granitization, apparently have escapec 
the albitization best. The lack of porphyroblastic albite in the rocks, mentionec 
above, is another objection. Metablastic albites are characteristic for the re 
gional albitization described by Beartu (1952) and by others. It may be saic 
that both arguments are negative. However, if the albitization were related t 
the regional metamorphism, a positive correlation with the metamorphic grad 
would be expected. The greenschists of Caskias (tables I and IT) all belong t 
one of the highest grades observed among the supracrustal rocks of the area 
and were assigned to the garnet grade by the team (loc. cit. 37, fig. 13), and ir 
table VI are found chemical data for rocks from “lower chlorite”, ‘“chlorite’ 
and “biotite” zones. Spilitic greenschists are found in chlorite zones and in th 
biotite zone (no sample of greenschist available from the lower chlorite zone) 
Greenschist of more normal composition is also met with. It is to be especialh 
noted that the spilitic greenschist, no. 38, alternates with a phyllite, no. 36, o 
normal pelitic composition, confirming the evidence from table II, that th 
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Table VI. Rocks from various metamorphic zones 


——_S———— a a ee ee 


Low chlorite zone | Chlorite zone Biotite zone 


40 | 4 


Pn i 67.03 50.18| 47.17 54.63 
Baye aern 0.53 0.96] 1.28 2.18 
Se 13.89 5 
phO, 15.12| 13.57 13.85 
Bee. 2.09 1.19] 2.49 5.60 
FeO... ss... 1.78 12.19] 10.83 5.24 
MnO ...... 2... 0.09 0.27} 0.20 0.10 
eee. 1.70 6.56| 7.34 3.88 
pee... 2.68 4.63] 11.55 6.91 
er ae 0.05 | 4.80 5.47 | 0.97 | 2.17 4.69| 2.62 | 4.20 5.93 
Ser eS 0.33 | 2.43 1.72 | 3.18 | 0.29 0.17} 0.42 | 0.14 0.71 
moO ........ 0.09 0.10 
boca ct 0.68 3.62| 1.35 0.58 
ee 1.88 0.29] 0.95 0.23 
Oe 0.26 0.12] 0.13 0.15 
a 99.89 100.10} 99.90 99.99 
i 2.65 | 2.82 2.67 | 2.68 | 3.04 3.05 
ae 0.81 | 0.25 0.17 | 0.68 | 0.08 0.02} 0.09 | 0.02 0.07 


‘Main minerals ..| qtz | ab ab chl hbl | hbl | hbl | hbl_ | ab 


micr | micr qtz chl chl Pqtz chl 
carb | ore ep/zoi 
PACCESSOFIES ...... chl bi bi ser qtz ep carb | ore sph 
ser musc ore ore 
ore ore ep 


Index. 

No. 33 Coll. no. T6/7A Coarse grit, Caravarre. 

>» 34 » » T7/55A ‘<‘Argillite’’, Gesvarre. 

ees. > oy) 7/53 » , Guivevarre. 

» 36 » » T6/3A “‘Phyllite’’, alternating with no. 4, Russogielas. 
» 37 .» » T6/18A ‘Typical’ greenschist, Dagjeborre. 

» 38 » » T6/4A Amygdaloidal greenschist, Russogielas. 

» 39 » » T7/2084C Fine-grained greenschist, Getkebakte. 

» 40 » » U6/179 Greenschist or hornblende schist, Masijokka. 

» 41 » » U6/104 Albite diabase, Biennejavre, Masi. 


soda rich rocks belong to a particular petrographic series, namely the green- 
schists. 

Furthermore, if albitization was related to regional metamorphism, the in- 
troduction of sodium would most reasonably take place from below — and the 
formations through which the emanations or solutions passed should also be 
albitized, if the PTX conditions were favourable for the reactions. Some doubt 
exists as to the stratigraphic succession in Finnmark. It is fairly well demon- 
strated, e.g., in the Agjet anticlinal area, that the Caskias greenschists were 
deposited upon the quartzite formation (Hormsen et al. 1956, p. 16). A 
correlation of the Agjet quartzite and the Masi quartzite is very plausible, the 
latter apparently covering the quartz mica schist formation. The contact, how- 
ever, is tectonically disturbed. At the present state of the investigation, the most 
probable succession is, from bottom up: quartz-mica schist, quartzite, Caskias 
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Table VII. Rocks from lower strata 


Arkoses | Quartz-mica schists 


49 50 | 51 


| 42 | 43 


44 | 45 | 46 | 47 | 48 


Na, Oe 03a 2209 DeOe 3.58 5.80 ee Peetil 2.88 2.94 3.46 
KO Sol) HOSS |) 2g) 3.38 o2k 2.88 5.22 7.76 ae 6.06 3.255) 


Ke areata Ske | Oe 0.43 0.37 0.25 0.48 0.65 0.25 0.58 0.38 


Pee 


Index. q } 
No. 42 Coll. no. U6/22 | Kautokeino river, Masi. 
» 43 » » T8/157 Agjet, Kautokeino. 


» 44 » » T8/140A- » , » ee th 
» 45 » » U7/286 Kautokeino river, Masi/Miron. 
46" >> UG/53 » Da ee te 


» 47 » » U6/53  Masijok, Masi. 

» 48 » » U7/289 Kautokeino river, Masi/Miron. 
U6/269 Masijok, Masi. 

» 50 « » U6/283 Biggejavre, Masi/Miron. 
U7/290 Kautokeino river, Masi/Miron. 


ereenschist, grit and argillite. The PT conditions existing during the meta- 
morphism of the two lowest formations (biotite zone) should be favourable for 
sodium metasomatism. A series of alkali determinations has been carried out on 
samples from arkosic layers in the quartzites, and from the quartz-mica schists 
(table VII), rocks which ought to be susceptible to alkali metasomatism. The 
table demonstrates that some of the rocks are predominantly potash-rich, but 
most of them have k-values around 0.50. The average values of shales, ac- 
cording to CLarkeE (1924), are 1.31 % Na2O, 3.24 % KeO, and thus the Finn- 
mark mica schists generally may be a little higher in soda. It may be a matter 
of argument whether the difference is due to primary differences (source-rocks. 
incomplete weathering, etc.), or to a slight sodium metasomatism. But it can 
safely be concluded that these formations have not been subjected to as intense 
sodium metasomatism as were the greenstones. 

Summing up: the facts and indications brought out by the present investiga- 
tion are not in favour of a regional sodium metasomatism as the main cause of 
the albitization of the greenschists of the Caskias group. 

In a further study of the other sedimentary rocks interlayered with or over: 
lying the greenstones, special attention has been given to the argillite and grit 
formation of the Caravarre region. These rocks, according to Padget, who in 
vestigated the area, “are compact but lack metamorphic textures” (HoLMsED 
et al., p. 36). Though the microscopic study I have performed of his specimen: 
does not wholly confirm this statement, it must be admitted that the meta: 
morphism is very feeble, and that a regional metasomatism of them is highly 
improbable. The albite grains, constituting the major part of the argillites (e.g 
nos. 34 and 35 in table VI), most probably represent detritus derived from th 
underlying greenschists, or authigenic recrystallization of such material. 

Mention has already been made of the high albite content of the carbona: 
ceous beds interlayered with the Caskias greenschists, but owing to the alterec 
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state of the rocks it cannot be said whether or not this is a pristine feature. It 
is therefore of interest to note that E. MIKKOLA (1941, p. 207—208), studying 
similar black schists in close connection with greenstones of the adjacent, less 
metamorphic areas of Finnish Lapland, considers the composition to be original, 
not a result of metasomatism. 

The conclusion seems warranted that the albitization of the basaltic rocks 
occurred during or shortly after their outflow and consolidation. 

Thus, this investigation has led to several of G1LtLuLy’s conclusions: 

As the sodium richness of the Caskias greenschists neither can be explained 
as a derivative of an independent (spilitic) magma suite, nor as a product of 
regional metasomatism, it must be the result of post-magmatic, or possibly late- 
magmatic metasomatism. And rather than the submarine locus of the extru- 
sions, it was the contamination of the magma by water from the wet geosyn- 

_clinal sediments at deeper levels that gave rise to the spilitic development. 

I cannot wholly agree, however, with the final conclusion of GitLuLy (loc. 
cit., p. 346—348), summarized in point 5, p. 399 above. The theory of Goxp- 
scumipT (1922) for the differentiation of the trondhjemitic rocks, is simple and 
attractive, and theoretically correct, provided the water enriched magma is given 
time enough for fractional crystallization. This may, however, be questioned in 
the case of basaltic extrusion. Furthermore, biotite-rich, early differentiates (“op- 
dalites”) related to the spilitic rocks, are, if present at all, not abundant enough 
to explain the amount of keratophyres in many spilite provinces. The second 
effect of the water incorporated in the basalt magma, the formation of soda- 

“rich “water gases” or solutions, which would modify the upper part of the 
basaltic magma and also albitize the extruded rocks, may also be questioned. 
GILLuLy, in this respect, mainly adheres to a not very detailed theory put forth 
by Dary (1914, p. 339340). Daty again, mostly relies upon a paper by 
Bowen (1910), describing the development of albitic derivatives in a diabase 
sill. The question now to be asked is: why should a basaltic magma, assimi- 
lating water from sediments, particularly develop sodic, as contrasted to potas- 
sic, gases or solutions? To my knowledge, not many laboratory experiments 
have been carried out on this problem, and Bowen himself has later arrived at 
conclusions which appear to be at some variance with his former idea: 

“In an actual example the vapor formed at any point will move only a short 
distance before it encounters a cooler environment where it is partly or wholly 
condensed, becoming a part of the liquid there existing. Though a full and ac- 
curate analysis of such a complex situation is not possible, it seems necessary to 
suppose that a mass of intrusive rocks and its envelope, containing interstitially 
and in fractures a pegmatitic liquid that is experiencing “second boiling”, will 
constitute itself a fractional-distillation column. Throughout this column there 
occurs a liquid through which gas bubbles slowly rise and suffer selective 
(fractional) condensation. Close to the boiling source the liquid will be con 
tinually enriched in the hyperfusible constituents that are relatively non-volatile, 
at points more and more remote the liquid will become increasingly richer in 
those hyperfusible constituents that are more volatile-water, various halogen 
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compounds including acids, and the others. .....-.-++++++++++ Such change 
of composition of the liquid as is due to loss of vapor tends to enrichment of 
the liquid in those hyperfusibles that are relatively non-volatile. Now, of the 
two alkali metals, sodium and potassium, the latter forms the more volatile 
compounds. As loss of vapor proceeds, the liquid is enriched in soda more than 
in potash. Eventually potash feldspar becomes unstable in contact with the 
liquid and is replaced by albite.” (Bowen, 1933, p. 123). 

Thus by addition of water to a magma, emanations richer in potassium than 
in sodium would be given off, which by escaping upwards would soak the above 
tormations, including the basaltic lava already extruded. On the other hand, 
provided the theory is correct, sodium-rich rest-solutions may be formed in the 
magma chamber by this process, and could be squeezed out to form either in- 
trusive trondhjemites or extrusive keratophyres — or hydrothermal albite (and 
carbonate?) veins. It is, however, somewhat difficult to understand how such 
residual solutions would be able to soak the overlying rocks to the extent nec- 
essary to form the widespread spilites. Quoting Barr: (1952, p. 221) “This 
liquid (in contrast to the expelled gases) is not a particularly potent agent of 
solution and alteration in the surrounding rocks into which it may escape.” 

However this may be, late- or post-magmatic metasomatism would most 
probably take place through the action of gases or emanations given off by the 
water enriched basaltic magma, and some reason must be found for the Na- 
metasomatism by such emanations. On their way upwards these emanations 
would have to penetrate large masses of geosynclinal sediments, many of which 
will be rich in clay minerals. The K-ions of the emanation will be adsorbed by 
the clay minerals (to form mica minerals) and the fluids finally reaching the 
basaltic flows may, in this way, change from predominantly potassic to sodic 
composition. Such “filtered” emanations or solutions could possibly carry out 
the large-scale albitization, and at the same time, being undersaturated in 
potassium, extract this element from the lavas. 

From these theoretical, and somewhat hypothetical, considerations, I shall 
return to the Finnmark rocks. 

Besides the greenschists and associated sediments, intrusive rocks also prove 
to be very sodium-rich, namely the albite diabase—leucodiabase series, and the 
albite granite—syenite series. The age of the former may be a matter of argu- 
ment. Some albite diabases intruding the greenschist may be more or less 
comtemporaneous, and may then owe their albite excess to the spilite process. 
However, other albite diabases and the leucodiabases appear to be much less 
altered, and a late or even post tectonic origin may be postulated for them. If 
so, it is not reasonable to stretch the influence of the incorporation of water 
from wet geosynclinal sediments by basalt magma, belonging to the “Initiale 
Magmatismus”, to the end of the orogenic period. In my opinion, these rocks 
do not owe their albite richness so much to metamorphic as to magmatic proc- 
esses. 

A magma of normal basaltic composition would not by normal crystal dif- 
ferentiation develop such extreme soda-rich rocks as the leucodiabases are. The 
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very common carbonatization and scapolitization of the albite diabases, the 
carbonatization of the leucodiabases, as well as the hydrothermal carbonate- 
quartz-scapolite-sulphide veins related to the same rocks, prove that the magma 
must have been rich in volatiles such as H:O, COs, Cl and H2S. (Boron is also 
indicated by the presence of tourmaline in the rocks, especially in the hydro- 
thermal veins.) The absence of potassium feldspar in the veins, and the general 
scarcity of mica minerals, indicate that the magma must also have been very 
poor in potassium. During the orogeny, remelting of the spilitic greenschists by 
palingenesis may yield a magma of such composition, provided the remelting 
could take place without considerable loss of the fugitive elements. 

Most students of the leucodiabases of Fennoscandian Lapland agree upon an 
origin by magmatic differentiation (e.g. VAYRYNEN 1938, Opman 1939, E. Mix- 
KOLA 1941). Papcet, however, considers the “karjalites’ — a term given by 

_ VAyrRyYNEN and which includes the leucodiabases — as metasomatic rocks, formed 
by migration of elements and emphasizes their location in fracture zones 
(Hoimsen et al., p. 48). He discusses a comprehensive group of albite-car- 
bonate rocks, some of which are leucodiabases, others are metasomatic rocks. 
The hydrothermal activity following the albite diabase—leucodiabase intrusions 
includes albitization of the contact zones of the dikes or veins (adinole forma- 
tion). In strongly tectonized zones, this sodium metasomatism probably could 
penetrate a longer distance from the source. 

In my opinion, the textures of the leucodiabases demonstrated in figs. 10—12 

_are genuine igneous ones. It may be argued that the feldspar originally con- 
tained more anorthite. In one or two leucodiabases epidote occurs, particularly 
in some phenocrysts of albite. Ordinarily, however, epidote is completely lack- 
ing, and carbonate minerals, which frequently replace albite, do not form 
within the laths, but in the interstices or in cross-cutting veins, suggesting a late- 
cr post-magmatic carbonatization. 

The differentiation of leucodiabases some places occurred in situ, as shown 
by a gradational decrease of hornblende, accompanied by increase of albitic 
‘plagioclase in some parts of the diabase body. In Finland differentiation more 
frequently took place at depth, and the sodium enriched residual magma 
probably was squeezed out to form individual bodies. 

An interesting relationship also exists between the leucodiabase and the soda 
granite—syenite group. As demonstrated by no. 23, table III and no. 29, table 
IV, they are nearly identical in chemical and mineralogical composition, the 
former being a little higher in titanium only. The only important difference is 
the texture of the rocks. 

The soda granites definitely intruded late — are possibly even post-orogenic 
— and their especial soda-richness cannot possibly be ascribed to the early 
orogenic spilitization process. On the other hand, none of the sediments of the 
area are of a similar chemical composition, and thus a refusion, without some 

‘differentiation at depth, cannot be resorted to. Fractionation of a normal 
basaltic magma would eventually lead to a “eutectic” granite. A trondhjemitic 

‘differentiation in the sense of Goldschmidt is not probable either, as early or 
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intermediate biotite-rich derivates are lacking. It is therefore suggested that the 
soda granites—syenites are the result of a deep-seated differentiation of a. 
palingenic magma, formed at the expense of the spilitic rocks. : 

The differentiation process is similar to the one postulated for leucodiabases, 
but it occurred at deeper levels, and probably in a larger magma chamber. 
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The present review is based upon a lecture delivered by the author on July 5, 
1958, at the 7th Geological Convention of the Nordic Countries in Stockholm 
coupled with the celebration of the Centenary of the Geological Survey of 
Sweden. The original text has been slightly extended on a few points. 

It is obvious that different principles can be applied in presenting a subject 
like the one to be dealt with below. As a matter of course, the substance of the 
account relates to results achieved by Swedish geologists and paleontologists 
working on the pre-Quaternary fossil-bearing formations of Sweden. However, 
in the author’s opinion, national boundaries should not decide the range of our 
topic. Thus, reference will also be made to studies by Swedish scientists on 
foreign material or areas as well as to some studies made by foreign scientists 
on Swedish material. 


1. Introduction 


A hundred years ago, at the time of the organization of the Geological 
Survey of Sweden, little was known about the distribution and development of 
the fossil-bearing systems in Sweden, or about the fossils contained in them. 
This fact does not in any way detract from the credit of men like Histncer, 
WaHLENBERG, SVEN Nitsson, DALMAN, and ANGELIN who were at work about the 
year 1800 and subsequent decades. The heritage passed to their successors is 
still living: The invertebrate paleontologists profit by their works to-day as 
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formerly; the foundations of the current stratigraphy of the Cambro-Silurian in 
this country were laid by ANcELIN; and a remarkable stock of knowledge of the 
regional geology of the fossil-bearing rocks in Sweden was instituted by 
HIsINGER. 

A systematic investigation of the sedimentary rocks was promoted very de- 
cisively by the fact that the staff of the Geological Survey included a paleonto- 
logist right from an early date. The first holder of this post was GusTar Lin- 
NARSSON, appointed in 1869, who won international reputation by the high 
standard of his work. Centres of research beside the Geological Survey were and 
are, for natural reasons, the Swedish Museum of Natural History in Stockholm, 
and the Universities of Uppsala and Lund, later on also the University of Stock- 
holm. 

When, in 1946, the Geological Society of Stockholm celebrated its 75th an- 
niversary, a series of reviews were published in the journal of the Society (Geo- 
logiska Féreningens Férhandlingar) in accordance with earlier tradition. These 
articles were intended to summarize the development within various areas of the 
vast field of the Geological Sciences under, say, the past 25 years. In a few in- 
stances a general history was given. Research relating to the Mesozoic of Sweden 
was accounted for by Brirra Lunpsiap (1946). Investigations into the High 
Mountains were treated in a special chapter by AsKLunpD (1946). The progress 
of vertebrate paleontology was outlined by SAve-SODERBERGH (1946). Historical 
geology and paleontology were, seemingly, well attended to and were very much 
so in the particular fields covered by the articles just mentioned. But it is a fact 
that the Paleozoic systems of Sweden and their invertebrate faunas were quite 
ignored on that occasion. Where these are concerned, therefore, there will be 
reason to look beyond the past 12 years to which the present account will other- 
wise be appropriately confined. It must also be remarked in advance that an 
exhaustive record of the activity within the field of historical geology and 
paleontology in the period thus indicated cannot in any way be given within 
the frame of the present paper. 

For convenience, the material will be grouped under three captions, namely 
Paleontology, Stratigraphy, and (very much condensed) Sedimentary Petro- 
graphy and Sedimentology. A uniform presentation of these categories will not 
be aimed at. Needless to say, the lines mentioned do not run parallel but con- 
verge and intersect incessantly. 


2. Paleontology 


Scientists studying Swedish material of fossil plants are largely left to the 
Lower Mesozoic beds of Scania, S. Sweden. The basic studies on the Rhaetic 
and Liassic floras carried out by Natuorst or inspired by him were published 
far back in the past. It is obvious, therefore, that the need of a thorough revi- 
sion asserts itself more and more. This became particularly evident following 
the observation by Harris (1937) that there is a close affinity between the 
Khaetic and Old Liassic floras of Franconia, Scania (Skane), and East Green- 
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land. Contributions to a revision of this kind have been delivered by Brirra 
Lounpsap, firstly in a comprehensive paper dealing with pteridophytes, 
Ppteridosperms, and cycadophytes from Rhaetic-Liassic beds in 
N.W. Scania (1950 a), secondly in a number of papers with a more limited 
scope (1948, 1950 b, 1954, 1958). B. Lunpsiap has also worked on material 
ebtained through deep-borings at Héllviksnis (1949 a—b, 1956). This is also 
true of Horn ar Ranrzisn, who has pioneered in this country in studying pre- 
Quaternary charophytes and has presented results of considerable pale- 
ontological and stratigraphical interest. In the core Héllviken II, gyrogonites 
were found to appear partly sporadically, partly enriched in certain horizons, 
within the section 1,762—1,845.7 m representing Middle Triassic. The gyro- 
gonites could be attributed to 11 different species which constitute a flora with 
points of contact with Younger Mesozoic charophytal floras. Its importance is 
enhanced by the fact that material which is younger than Devonian but older 
than Younger Cretaceous has heretofore been utterly scarce (Horn ar Rant- 
ZEN 1953, 1954 a). Horn has also dealt with material from abroad and, 
further, has tackled general problems relating to charophytes (1951, 1954 b, 
1956 a—hb, 1957). 

In this connexion it is appropriate to call attention to a few more micro- 
paleobotanical investigations. Some ten years ago we were very poorly informed 
about the nature of the vegetation which covered the land at the time of the 
formation of the Cretaceous sedimentary rocks of Scania. It meant a remarka- 
ble progress, therefore, when in 1949 Nizs-Erik Ross published a preliminary 
account of an analysis of the content of pollen and spores ina Cret- 
aceous clay which superimposes the kaolin at Asen on the western shore of the 
bay Axeltorpsviken in Lake Ivésjon, N. E. Scania. Gleichenia-like ferns seem 
to have been the predominating floral element. Another plant, the spores of 
which strongly recall those of Lycopodium cernuum now living in the tropics, 
must also have been abundant to judge from the frequency of spores in the clay. 
It is much to be regretted that Ross was not granted to pursue a course which 
promised so much for the future. 

Essential new information was brought by a paper by Astrip CLEve-EULER 
& Hesstanp (1948) which announced the discovery of a Tertiary series of strata 
at Ahus, N.E. Scania. A well-boring made at this locality had penetrated 
through a 34 m thick sequence of dark and light-coloured clays. ‘These proved 
to contain a good many fossils, first and foremost diatoms and siliceous 
flagellates. By aid of the micro-flora the clay-sediments could be de- 
monstrated to be marine, their age being Eocene. Until then, Eocene beds had 
not been known from the Swedish series of strata. There was no reason to ques- 
tion the primary position of the occurrence. 

The appearance and significance of calcareous a lgae in the Paleo- 
Zoic bioherms of Dalecarlia (Dalarna, N. Central Sweden) was first noticed by 
Happinc (1939, 1941). Hessranp (1949 b) has published an interesting, 
predominantly paleo-biological study of boring and incrusting algae in the 
Lower Ordovician of the Siljan district. 
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In spite of their importance, papers by Harte, Frorin, and Sexiine dealing 
almost exclusively with foreign material of fossil plants cannot be recorded here 
for lack of space. On the other hand, a few words ought to be said about finds 
of Hystrichosphaeridae in the Older Paleozoic of Sweden. These 
organisms are hollow spheres of microscopic size, their walls being made up of 
a cutineous matter. Their systematic position is open to discussion but in all 
probability they are to be interpreted as unicellular planktonic algae. These 
must have been very frequent in the Balto-Scandian seas in Ordovician and 
Silurian times. The first record of Hystrichosphaeridae in Swedish solid rock 
was made by E1senack (1954 a), of Tiibingen, Germany, who investigated 
samples of Upper Visby Marl (Upper Llandovery) from Gotland. A mass oc- 
currence of a species of Leiosphaeridia in Ceratopyge limestone (Lower Ordo- 
vician) in Scania was reported by the present writer (REGNELL 1956 a). From 
Ordovician boulders in S. W. Finland, Martinsson (1956 b) described a form 
which was later called Tasmanites martinssoni by EtsENacK (1958). 

A survey of the recent development within pre-Quaternary phytopaleontology 
in Sweden would be incomplete without a reference to the Palynological 
Laboratory in Stockholm-Solna, founded ten years ago by ErprmMaANn and 
directed by him. It goes without saying that the activity of the Laboratory in 
the first place concerns Recent and Pleistocene material. But pre-Quaternary 
investigations are also on the program, as can be seen from articles in “Grana 
palynologica” edited by the Laboratory. 

Turning now to invertebrate paleontology we find that most groups relevant 
in this connexion have been subject to study in some way or other. Only 
sponges, bryozoans, and, to a certain degree, coelenterates and brachiopods 
leave something to be desired in this respect. 

A methodical inventory of the presence of Foraminifera in the Paleo- 
zoic of Sweden has never been made. A short paper entitled “Upper Silurian 
Foraminifera of Gotland” was published by J. Smrru (1915). Both descriptions 
and figures are so poor that they do not admit of any conclusion beyond the 
one that most of the so-called Foraminifera were bryozoans. Adequate informa- 
tion of Paleozoic Foraminifera in Sweden was first presented by ErsENACK 
(1954 b). He recorded one species in the Ludibundus limestone (Caradoc) on 
the Island of Oland, ten species in the Upper Visby Marl (Upper Llandovery), 
and four species in the Slite Group (Wenlock) on Gotland, all of them ag- 
glutinating forms. Whether calcareous Foraminifera do at all occur in the 
Ordovician and Silurian of Balto-Scandia is uncertain. In view of the fact that, 
for good reasons, records of Foraminifera in Cambrian or Proterozoic beds are 
liable to be looked upon with a certain distrust, it should be pointed out that 
Foraminifera which are evidently genuine were found by WAERN (1952) in both 
Middle and Lower Cambrian beds in the core from the deep-boring at Béda- 
hamn, Oland. 

The majority of the important papers on the foraminiferal faunas of the Cre- 
taceous in Scania published up to now by Brorzen had appeared when, in 
1946, Brirra Lunpsiap surveyed the Mesozoic of Sweden and were included 
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in her account. Subsequently, BrorzEN (1948) has studied the Paleocene Fora- 
minifera. No additional data have been published about Foraminifera in the 
Lower Mesozoic of Scania. 

By his eminent studies on Paleozoic corals, Gusrar Linpstrém founded a 
noted tradition in Sweden. This has been carried on to a minor extent only, 
viz. by TRorpsson (1928) in describing Middle and Upper Ordovician material 
from Greenland, and by the present author (REGNELL 1941) in working up 
Siluro-Devonian coral faunas from Central Asia collected by E. Norrn, then 
Chief Geologist of the Sven Hepin Expedition. During the period under review, 
Cretaceous corals have been touched on only occasionally by Trorpsson (1947 
a). Otherwise, nothing has been produced in this field after Hennic (1899): 
and Brinnicu Nietsen (1918, 1922). 

No group among the brachiopods has lately been treated monograph- 
ically except the genera Crania (Cretaceous), by J. G. Cartsson (1958), and 
Ahtiella (Ordovician), by Hesstanp (1949 e). Boucor (1957). paid attention to 
Swedish material in analysing the relation between the critical genera Delthyris 
and Howellella. Further, Paleozoic forms are discussed in various connexions in 
faunal descriptions and the like. Jaanusson (1953 d) described a collection of 
brachiopods from the Tertiary of the Patagonian Cordillera brought together 
by E. Lyuncner. Hacc (1947 b, 1954 a—c) completed his inventory of brachi- 
Gpods and molluscs found in Swedish Cretaceous localities. 

Molluscs have received fairly ample attention in works by TRoEDssON 
(1951) on the so-called Héganias Series (Rhaetic-Liassic) of Scania; by IsBerc 
(1934) on lamellibranchs in the Ordovician and Silurian reef lime- 
stones of Dalecarlia; by BERcGENHAYN (1945 a—b, 1955) on Polyplacoph- 
ora; by Mutver (1956, 1957) on nautiloids, his studies being based upon 
careful anatomical investigations (among previous papers on Paleozoic cephalo- 
pods it will suffice to call to mind such by Troepsson, particularly of 1926) ; 
by Reymenr (1955 a—b, 1956 b, 1957 a—b) on ammonites. In addition, 
ReyMent (1958) has published a paper of a kind not very common in the 
Swedish literature on invertebrate paleontology, namely an investigation, in 
part experimental, of the conditions of dispersal of fossil cephalopods. It may 
also be mentioned that ReymenT is working on a revision of the ammonites in 
the Lower Mesozoic of Scania. Finally, it should be remarked that a few papers 
om belemnites by Jeretzxy (1946, 1948 a, 1949 a) were published in the 
Journal of the Geological Society in Stockholm (the present journal) and have 
4 certain bearing on Swedish fossil material. 

Also neozoologists have joined in the discussion of the phylogeny of the 
arthropods (Hescaarp 1945, Linper 1945). Particularly important con- 
ributions have been made by Ertx Daur (1954, 1956). He points out the réle 
jlayed by different modes of taking in nourishment for the topography of the 
1ead. By following up this line of reasoning Dani arrives at a simple and 
satural reconstruction of the original design of the crustacean head. 

Especially two groups of arthropods have been studied extensively, namely 
rilobites and ostracods. Even in older times Swedish scientists contributed 
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essentially to the knowledge of the trilobites. The position thus capture: 
has not ben given up. Ontogenetic studies are embodied in papers by WESTER 
cirp (1936), Fritz Kaursky (1945), and TEMPLE (1952 b). Middle and Uppe 
Cambrian trilobites have been dealt with in fundamental and exhaustive work 
by WesTERGARD (1922, 1936, 1939, 1946, 1947 b, 1948, 1950, 1953 a) who ha 
devoted more than 50 years of research to the Cambrian and the basal Ordov: 
cian. Minor contributions have been given by THorstunp (1949) and TyeRN 
vik (1953, 1955). As to Ordovician forms, a fair number of special morpholog 
ical and taxionomical investigations are now available, most of them carrie: 
out by Jaanusson (1953 a—b, 1954, 1956 a—b, 1957 a). Others are b 
Wrirtincton (1950) and Trempre (1952 a). Of an earlier date are the monc 
eraphs by Exrsa Warsure (1925, 1939). It is evident that much importan 
information about trilobites can be derived from papers which are primaril 
concerned with stratigraphic objects. This is very true of papers by TJeRNvr 
(1956; Lower Ordovician), Boutin (1955; Lower Ordovician), and ‘THors 
LUND (1940; the Chasmops Series of the Middle Ordovician). TRoEpsson (1928 
1937) worked up material of Middle and Upper Ordovician trilobite fauna 
from Northern Greenland collected by the Lauce Kocu Expedition, and Cam 
bro-Ordovician trilobites from Central Asia collected by the Sven Hepin Ex 
pedition. 

American authors — most recently CuristinA LocHMAN-BaLk & J. L. Wu 
son (1958) — have lately called attention to a certain affinity betwee 
American and Scandinavian trilobite faunas from the Upper Cambrian an 
the Lower Ordovician. This observation, and the telecorrelations and palec 
geographical conceptions depending on it, presuppose a penetrating mo 
phological analysis like the one performed in the papers quoted. In this connex 
ion it will be proper to call attention to a remark by HennincsmMoeN (1958, ] 
180) bearing on the argumentation in his paper of 1957. 

TuorsLunp (1940) was the first one to make use of an extensive materiz 
of ostracods from the Ordovician of Sweden. In the great work by Hes: 
LAND (1949 a) on the Lower Ordovician ostracods of the Siljan District, fu 
justice is rendered to the ontogenetic, biometrical, and variational aspects. Tk 
effect of sexual dimorphism is also recognized. It will be fair to point out th 
work mentioned as standardizing and inspiring of the subsequent fertile researc 
in Sweden in this field. Later on, special papers relating to both Ordovician an 
Silurian ostracods have been published by SpyetpNnars (1951), MarTINsso 
(1955 a, 1956 a), Jaanusson & Martinsson (1956), and Jaanusson (1957 b 
As in so many other fossil groups, useful and important data on ostracods a1 
to be found in faunistical or regional-stratigraphical publications. For the tim 
being, nothing is known about ostracods in Cretaceous and Tertiary rocks | 
Sweden. 

Remains of cirripedes are not uncommon in the Cretaceous of Sou! 
Sweden. The material available has been summarized in a monograph by J. ¢ 
Cartsson (1953). 


The paleozoic echinoderms have been rather neglected for a lor 
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time. The pioneer research by ANGELIN, BATHER, and JAEKEL in the 19th century 
was followed by a, practically, complete hiatus lasting to the middle of the 
fourties. An initial effort to bridge the gap was then made in that different 
groups were taken up for study: — Non-crinoid Pelmatozoa (REGNELL 1945, 
1948 a—b, 1950 a—b, 1951); Ophiocistioidea (RecnELL 1948 b); Crinoidea 
(Recnétt 1948 c; Usacus 1956 a—b, 1958); Asteroidea (Rasmussen 1952) 
and Echinoidea (REGNELL 1956 b). 

In the last few years a couple of papers relating to Cretaceous echinoderms 
have appeared (Koster 1950, 1954 a—b, Rasmussen 1951, ReGNELL 1955) but 
much remains to be done, especially where the echinoids are concerned. Terti- 
ary echinoids from Patagonia collected by LyuNGNER were described by Koster 
953). 

In 1938, as is well known, Koztowsk1 published a preliminary account of his 
researches into dendroid graptolites from the Tremadoc of Poland. These 
investigations, when presented in an elaborate shape some ten years later, 
aroused the utmost attention and lead to a complete revaluation of the system- 
atic position of the group. Kozrowskx1 deduced that the graptolites were akin to 
the pterobranchs, as had been proposed earlier by some authors, and that they 
should preferably be ranked as a class of Stomochorda, i.e. not too far from the 
chordates. This view has won general acceptance. Boutin (1950), however, 
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asserted the opinion that the agreement between certain structural features in 
the graptolites and the pterobranchs — first and foremost their possession of a 
complex stolon system — has no deeper significance. He vindicated Wiman’s 
opinion that the graptolites should be looked upon as a systematically isolated 
eroup which became extinct in Paleozoic times. Most likely, they were to be 
interpreted as a strongly specialized group of coelenterates. The idea set forth 
by Boutin has recently found a certain support by investigations made by 
Decker & Gorp (1957). According to Werzet (1958) electron-microscope 
investigations into the fine structure of Diplograptus, Rhabdopleura, and a few 
Recent bryozoans do not seem to corroborate the affinity supposed to exist 
between graptolites and pterobranchs. This matter of dispute will require 
further consideration. 

In addition, contributions to graptolitology have been given, 1.a., by WAERN 
(in Waern & al. 1948), Butman (1949, 1950), Recnitx (1949), and Grimperc 
$1952). 
~ If there is reason to be in doubt of the systematic position of the graptolites, 
this is still more true in the case of certain other fossil organisms. Most impor- 
fant among those, due to their stratigraphic significance, are the conod- 
onts. From an international point of view, these are objects of research of 
first-rate current interest. In Sweden, the conodonts have been attacked on 
a broad front by M. Linpsrrém (1954, 1955, 1957, and in LAMONT & Linp- 
srr6M 1957). Linpstrom has erected a great number of hew species and 
made observations on the structure of the conodonts. His main object, however, 


has been a stratigraphic one. Pb, 
Another group which is likely to play a réle as index fossils in the Lower 
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Paleozoic are the chitinozoans, the nature of which is not safely estak 
lished (presumably Rhizopoda, because of their thick pseudochitinuous te 
and marine habitat; cf. Cortinson & Scuwaxs 1955). A first step towards the: 
being made use of in the Swedish series of strata has been taken by EIsENAc! 
(1955). 

Under the caption “Problematica”, or “Incertae sedis”, finally, we have t 
range material described by WeEsTERGARD (1953 b), Hesstanp (1949 c), an 
Reonétit (1947). Certain structures observed in Jotnian (Proterozoic) sandston 
(Lyunccren 1953, LANNERBRO 1954) and suggested to represent traces of orgar 
isms — and, if so, having a special interest as appearing in a rock of pre 
Cambrian age — are no doubt inorganic. 


3. Stratigraphy 


The purpose of the previous pages has been to give an idea of various side 
of paleontological research in Sweden. On the one hand, paleontological re 
search has a value of its own, on the other, it provides the tools of a more an 
more refined stratigraphy. 

Of unrivalled importance, from a stratigraphical as well as from a regioné 
eeological point of view, are a number of deep-borings which have been sun 
into the Paleozoic rock-floor of South Sweden in the course of the past 2 
years. It is true that the instances in which material and data from borings hav 
been placed at the disposal of scientific research are fairly rare — unfortunate 
ly, Sweden still lacks legislation in this field —, yet numerous enough as comfy 
ared with those in older times. It goes without saying that almost all boring 
have had a practical aim. However, grants received from the Natural Scienc 
Research Council of Sweden (Statens Naturvetenskapliga Forskningsrad) hav 
enabled the Paleontological Institute of Uppsala to have three borings mad 
which were dictated by purely scientific interests (see also p. 418 below). 

The first of these borings was brought down at Kullatorp on Mount Kinne 
kulle, in Vestrogothia (Vastergdtland), immediately below the contact betwee 
the Silurian rocks and the capping dolerite. In this way, a core was secure: 
which comprised a complete sequence — ending at a depth of 88.56 m beloy 
the mouth of the bore-hole — from Retiolites beds (inclusive) to Lower Cha: 
mops beds (inclusive). This section of the classical Kinnekulle profile we 
formerly unsufficiently known. The results were published by WagRN, THOR: 
LUND & HENNINGSMOEN (1948). 

The second boring was made at B6dahamn, on northern Oland. It penetrate 
into Archean rocks at a depth of 162.16 m. The upper portion of the core 
made up of Middle Ordovician Ludibundus limestone and subjacent beds, h 
not yet been described. ‘The Cambrian and the basal Ordovician have been dea 
with by Warrn (1952) and Hesstanp (1955), the next higher members of tl 
Ordovician (up to Platyurus beds, inclusive) by Boutin (1955). 

‘THorsLuND (1958) has given a preliminary account of the third boring « 
the Uppsala Institute, finished in the fall of 1957. This boring was made ¢ 
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Gotska Sandén, an island in the Baltic N. of Gotland. The Quaternary deposits 
were remarkably thick, 73 m. The surface of the rock-floor was formed by 
Palaeoporella limestone, of the Tretaspis Series. The entire Ordovician se- 
quence below the zone of Megistaspis gigas of the Vaginatum limestone is 
wanting. This is also true of the Upper and Middle Cambrian and, possibly, 
of part of the Lower Cambrian. The boring ended at 241 m after having 
penetrated 9 m through a pre-Cambrian, maybe Jotnian, sandstone. The forth- 
coming complete description of the core will undoubtedly supply new and im- 
portant information of the Paleogeography of the Baltic basin in older Paleo- 
zoic times, as evidenced by the first report now available (MARTINSSON 1958). 
Also the Institute of Paleontology of Lund has been in charge of a couple of 
purely scientific borings, both in the classical Fagelsang area 10 km E. of Lund. 
One of these, at Lindegard, reached a depth of 59.72 m and penetrated through 
the Upper and Middle Dicellograptus shales. The core which was taken up in 
1949 has been studied by Grrmpere but has not yet been published. The other 
poring, made in 1954 at Kodngen, was interrupted at a depth of 70.3 m after 
having penetrated through the lower part of the Tretaspis Series and its foot- 
wall into the zone of Climacograptus haddingi (formerly C. putillus Happine, 
won Hatt) of the Lower Dicellograptus shale. The core is being investigated 
by GrimBerc, M. Linpstr6m, and R. Nisson but the work is not yet finished. 
As to other borings in Paleozoic areas we have to restrict ourselves to the 
ollowing very summary statement: — 
, Quite a number of borings were made by the Geological Survey just before 
and during World War II in order to make an inventory of Cambrian and 
Lower Ordovician alum shales. The object of the borings was in the first place 
O investigate the content of oil and certain metals, first and foremost vanadium 
2nd uranium, in the alum shales in Scania, Vestrogothia, Ostergétland, Nerike 
(Narke), and on Oland. The material from the borings has been treated from 
2 stratigraphical point of view by WEsTERGARD in a series of papers (1940, 1941, 
1942, 1944 a—b, 1947 a). These have added to our knowledge of the strati- 
raphy of the Lower and Middle Cambrian and of the basal Ordovician, and 
jave confirmed the stratigraphy established formerly by WesTERGARD for the 
Jpper Cambrian. They have also contributed important data to regional geology. 
Further, WesrercArp (1936) has described a core from a boring 1933 at 
Mossberga, on Oland (deep of the boring 106.2 m, including oelandicus beds 
f the Middle Cambrian 40 m; Lower Cambrian 1.7 m; and pre-Cambrian: 
juartzite and Archean rocks 58.4 m). A joint paper by WeSTERGARD & Tors- 
unp (1938) presents the stratigraphic results of a boring made at File Haidar, 
mn Gotland (depth of the boring 507.5 m; the boundary towards the Archean 
t 500 m). 
A great quantity of cores secured in recent years by the Geological Survey 
rom borings penetrating through the uranium-bearing alum shales and adjacent 
eds in Vestrogothia have not yet been treated stratigraphically. They will 
indoubtedly provide a fertile material, particularly for micropaleontological 


nvestigations. 
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From the Ordovician of Scania there are two more important borings: 
namely one from Fagelsang accounted for in great detail in a memoir by Hep 
(1951), and another one from Flagabro, in S. E. Scania. The core of the latter 
has been investigated and supplemented with field observations by TJERNVIK 
A report on the Tremadocian has appeared in the fall of 1958 (TyeRNvikK 1958) 

A deep-boring in Lumparfjarden in the Aland Archipelago was discussed by 
Martinsson (1956 b), and another one at Gavle, 100 km N. of Uppsala, by, 
\WesTERGARD in the description of the geological map-sheet Gavle (1939): 

Deep-borings, indispensable as they may be, have certainly not deprived the 
time-honoured field methods of their importance. Studies based on such 
methods have augmented our knowledge of a number of Swedish Cambro- 
Silurian areas quite considerably. It may suffice to refer briefly to investigations 
in central Jemtland by Tuorstunp (1933, 1937 b, 1940, 1943, 1948 a); in 
Dalecarlia by THorstunp (1932, 1935, 1936 a—b), IsBerc (1934), and Jaa- 
NUSSON and co-workers (JAANUSSON 1947, 1953 c; JAanussoN & Marna 1948: 
Jaanusson & Murtver 1951, 1953); in Nerike by Tyernvix (1952); in Vestro- 
gothia by THorstunp (1937 a); on Oland by Recnéit (1942) and Boutin 
(1949); in Scania by Marmpore (1955), R. Nitsson (1946, 1951, 1953), and 
M. Linpstrom (1953); and on Gotland by Spyetpnags (1950) and Jux (1957). 
the basic stratigraphic investigations having been accomplished by HeEpe in 
mapping the Silurian of Gotland for the Geological Survey (descriptions of the 
geological map-sheets, and other publications from 1917, onwards). TJERN- 
vik’s monograph (1956) of the Lower Ordovician of Sweden was an excellent 
addition to the stratigraphic literature. 

The Ordovician of Estonia was dealt with by JAANusson (1945, 1956 c) anc 
Martna (1957); of Aland by Martinsson (1955); and of Scotland by LaMont 
& Linpstrom (1957). 

Great general interest is attached to the correlation suggested by Hepe (1942) 
between the Silurian of Gotland and the standard British succession based or 
egraptolites. This is also true of the corresponding discussion relating to the 
Middle Ordovician by JAANUsson & StRACHAN (1954). 

A means of stratigraphic correlation which had been overlooked up to ther 
but which can be applied especially to the Middle Ordovician series of strate 
was called attention to by THorstunp (1945, 1948 b—c, 1958, and in WaERN 
TuHorsLUND & HENNINGSMOEN 1948). He had found that bentonite beds have ; 
wide regional distribution in the Ordovician of Scania—Bornholm. Subse 
quently, bentonites have been recorded from the Middle Ordovician of th 
Oslo area in Norway (Haceman & Spyetpnags 1955). It is remarkable that the 
bentonite beds in the sequence at Sinsen (Oslo) could be correlated amazingh 
well with those in the section on Kinnekulle. The ashes from which the ben 
tonites were derived are likely to have spread from volcanoes active in Middl 
Ordovician times within the British-Norwegian portion of the Caledonia 
geosyncline. 

The Lower Mesozoic formations in N. W. Scania must be said to be relativel 
well known, first and foremost thanks to the numerous borings made by th 
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Hoganas-Billesholm Co. These were placed at the disposal of TroEepsson, who 
in a monograph (1951) summarized his long experience of the Héganas series. 
This monograph was preceded by a number of special papers and was followed 
by a few others (TRogpsson 1947 b—c, 1948, 1950 a—b, 1954 b). A couple of 
substantial studies in the Mesozoic of N. W. Scania have been published by 
Borau (1949, 1951, 1952, 1954); synoptic articles by Happinc, R. Norin, and 
a . Nitsson are included in “Stenkol och lera” (Coal and Clay), 1953, a volume 
edited by Héganas-Billesholm Co. The stratigraphy and fossils (mainly pollen) 
of a highly interesting isolated occurrence of, very likely, uppermost Rhaetic 
beds discovered recently at Sandakra, 10 km S. of Hassleholm, will be dealt 
with in a forthcoming paper by T. Nirsson (1958). Detailed studies on the 
Upper Liassic series of strata in Fyledalen, S. E. Scania, have been carried out 
for a series of years by S. Srenestr6m, but have not yet been published. 
_ The most important event in Mesozoic stratigraphy in recent years is the 
realization of the deep-boring program for S.W. Scania projected by the 
Geological Survey. This has made possible the tracing of a much more detailed 
picture than before of the development and distribution of the Mesozoic rock- 
fioor — and particularly the Cretaceous — within the area investigated. The 
geological results have been presented by Brorzen (1945, 1950). Brrrra Lunp- 
BLAD (1949 a—b, 1956) has contributed to the paleontological working up of 
the cores and was, 7. a., able to make the interesting statement that Rhaetic- 
Liassic beds are very likely present in the succession in S. W. Scania. Other 
contributions have been made by Horn ar Ranrzien (1953) and Opum (1953). 
__ A discussion of the division of the Upper Cretaceous has been carried on by 
Jevetzxy (1948 b, 1949 b) and Brorzen (1949 b—c), and the old matter of 
dispute concerning the geological position of the Danian has again been 
ventilated. By evaluation of the foraminiferal fauna, Lorsiicw & ‘Tappan (1957) 
arrived at the conclusion that the Danian and equivalent formations should be 
incorporated in the Paleocene, while BramLetre (1958), on the basis of his 
experience of the Coccolithophoridae, advises caution and refers to the in- 
fluence of ecological factors. According to K. Pozaryska (1957), who has had 
an occasion to discuss with BrorzeN in this question, the beds containing Crania 
tuberculata should be referred to the Lower Paleocene. In a joint paper (Brot- 
zen & K. Pozaryska 1957) the authors mentioned deal with the Paleocene of 
Central Poland. 
' Brorzen (1949 a) has accounted for the sparse exposures of Lower Danian 
in Scania. Beside his regional surveys of the mollusc and brachiopod fauna, 
Hicc made some minor observations on the Cretaceous. Others are due to 
Troepsson (1954 a) and Reymenr (1954). Reymenr has also published papers 
on the Cretaceous of W. Africa (1955, 1956 a, iN ao i 

The Tertiary is very poorly represented in Sweden. Sedimentary rocks belong- 
ing to that system are found solely in a few localities in Scania. It is therefore 
hardly remarkable that the literature in this field is extremely scanty. However, 
two important papers were published 1948, namely by Brotzen and by A. 
Creve-Euter & Hesstanp. Both have been mentioned above. 
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A material stratigraphic contribution on an international level was made by 
geologists attached to the last expedition to Central Asia under the leadership 
ee Sven HepIn. The results have been presented mainly by E. Norin (1938) 
1941, 1946) and Boutin (1937). 


4. Sedimentary Petrography and Sedimentology 


Methods and investigations relating to sedimentary petrography were in- 
troduced in Sweden by Happinc who has described monographically various 
types of Swedish pre-Quaternary sedimentary rocks (1927—58) and, moreover, 
in that connexion provided a wealth of regional and stratigraphical data. A 
fresh volume, dealing with bedded limestones of the Cambrian and Ordovician, 
has recently appeared (Happinc 1958 b). After publishing his monograph of 
the Swedish reef-limestones, Happrnc (1950, 1956) has commented again upon 
the Silurian reefs of Gotland. Recently (1958 a), he has discussed the mode of 
formation of the lithographic limestones. 

Hesstanp (1949 d, 1953, 1955) has a weighty production in the field of 
sedimentology and sedimentary petrography. Thus, he has studied the Cambrian 
and Lower Ordovician in the core obtained through the Bodahamn boring; 
the Lower Ordovician of the Siljan area; and the Senonian in a core from a 
boring at Ahus, Scania, made in 1947—48 for the Paleontological Institute, 
Uppsala, at the expense of the Natural Science Research Council. 

Jaanusson (in Boutin 1955) has described the microlithology of the lime- 
stones in the portion worked up by Boutin of the core from Bodahamn just men- 
tioned. In co-operation with Mutver, JAANUSSON has made a similar investiga- 
tion of the Platyurus limestone in Dalecarlia (Jaanusson & Mutver 1953). He 
has also devoted a study to the grain size in Ordovician limestones (JAANUSSON 
1952). In this connexion, a paper by Martna (1955) should be mentioned in 
which he discusses the réle played by shell fragments in the formation of certair 
calcareous rocks belonging to the Middle Ordovician Macrourus formation ir 
Sweden. The mineralogy of Swedish Ordovician bentonite beds has been treatec 
by Ann Marte Bystrom (1954, 1957). 

Stimulating, obviously a bit too rapidly produced though, is an investigatior 
of the Silurian reefs of Gotland and their stratified equivalents published re 
cently by Jux (1957). The author rightly emphasizes the importance of ful 
attention being paid to ecological factors and advocates an interpretation of the 
stratigraphy of the Silurian of Gotland which differs in important respect: 
from that generally accepted (established mainly by Hep). A Dutch geologist 
A. Manren, has during two summer seasons been working on Gotland or 
problems similar to those treated by Jux but has not yet found time ripe tc 
publish the results achieved. A preliminary report on investigations of Gotlanc 
reefs carried out by Manren and four other geologists from the University 0: 
Utrecht was recently given by Rurren (1958). 

Mesozoic sedimentary rocks, finally, have attracted the attention of R. Norn 
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(1949), Borau (1951, 1954), Késrer (1955), and Iris (1949). It goes 


without saying that numerous stratigraphic papers include pertinent facts on 


the quality and mode of formation of the pre-Quaternary fossil-bearing rocks 
in Sweden. 


5. Conclusions 


In an attempt to recognize the current trends in recent and present geological 
research in Sweden it will be apparent, where paleontology is concerned, that 
nowadays the individual scientist rarely undertakes to describe entire faunas 
with all different fossils included in them but rather concentrates on a given 
group of organisms of which he has thus command more or less as a specialist. 

. It may be justly claimed that results of good international standing have been 
produced in this way. This is indicated also to some degree by the fact that 
several Swedish paleontologists have been invited to contribute to the “Treatise 
on Invertebrate Paleontology” directed and edited by Professor R. C. Moore. 

An intimate knowledge of the several fossil groups is not only useful but 
indispensable to modern stratigraphy, which requires a much more refined 
discrimination of species than used to be needed formerly. Another tendency 
which favours stratigraphy is the increased interest for microfossils occurring in 
pre-Cretaceous deposits. 

_ For the present, Cambro-Silurian stratigraphy centres fairly markedly round 

“the Ordovician: its types of facies and paleogeography, and its correlation with 
Estonia on one hand, with Great Britain on the other. An interesting observa- 
tion refers to the manifestation within extra-geosynclinal areas of Ordovician 
volcanism. In many such areas the volcanic activity can be traced as bentonite 
beds which by their regional constancy of horizon have the qualifications to be 
identified from one area to the other and, in consequence, to serve as strati- 
graphic index horizons. The stratigraphy of the Silurian, too, has been in- 

fluenced by new ideas in giving increased attention to the importance of shift 
of facies. The Mesozoic stratigraphy has profited very considerably from the 
deep-borings in S. W. Scania. 

The sedimentary petrography and sedimentology, which used to be badly 
neglected, have during the last few decades obtained a firm position in Sweden. 

Finally, it deserves to be mentioned that the academic authorities of the 
geological branches at the University of Stockholm have recently taken an 
important initiative in founding a new series of memoirs, “Stockholm Con- 
tributions in Geology’. The first volume (1957—58) has appeared. It com- 
prises six memoirs, all of which belong to our sphere of interest. Accordingly, 
there is no reason to doubt that paleontology and historical geology will be able 
to furnish sufficient contributions also to this recent periodical. 
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Nagra urbergsstratigrafiska fragor i Norrbottens lan 


Av 


PER GEIJER 


Abstract: Some Stratigraphical Problems in the Precambrian of Norrbotten. 


OpMaN’s monograph of 1957 represents a very great progress in our knowledge of 
the Precambrian of northernmost Sweden, but on some points his conclusions appear 
to be in conflict with the evidence upon which earlier opinions were founded, so that 
one hesitates to accept them as definite. One point in question concerns the relations 
between the “Kiruna greenstones” (Sunprus 1915) and the Kurravaara conglomerate 
on one hand, and the ore-bearing porphyries of Kiirunavaara-Luossavaara on the 
other. The forme, earlier regarded as conformably underlying the porphyries, are 
now instead referred to a later series. Evidence from neighbouring districts is adduced 
by OpMan as a strong support for this view. It is here pointed out, however, that both 
the character of the conglomerate and the structural relations appear contrary to this 
conclusion, leaving the question at present open. Also are discussed the relations 
between the later Precambrian sediments of the region, the Vakko series, and the 

granites, the present writer maintaining that the earlier view, according to which of 
the latter only the Lina group is later than the Vakko series, still must be considered 
a well-founded alternative to OpMAN’s opinion which implies that also the perthite 
granite and associated rocks belong to the granite group in question. 


INLEDNING 


Den framstallning av Norrbottens lans urbergsgeologi, som nyligen har pre- 
senterats av O. Opman (1957), innebar ett mycket stort framsteg i kannedomen 
om urberget inom Sveriges nordligaste delar. Den som har egna erfarenheter 
fran detta arbetsfalt, av problemens komplexa natur och av de svarigheter, 
som alltjamt, alla tekniska framsteg till trots, mota vid faltarbeten inom bety- 
‘dande delar av detsamma, mAste kanna stor respekt infor det verk, som OpMAN 
och hans medarbetare nu ha slutfért. Det ligger emellertid i sakens natur, att 
nar mycket nytt har framkommit och en del problem ha fatt sin losning, sa ha 
samtidigt nya fragestallningar skapats, vilka peka framat mot nya arbetsupp- 
gifter. Detta ar s4 mycket mera fallet som undersokningens allmanna mal blott 
j relativt ringa utstrackning har lamnat rum fér speciella detaljundersokningar, 
den man de icke omedelbart ha tjanat det praktiska inventeringssyftet. 

Opmans framstallning ar forebildligt objektiv. Men en beskrivning av denna 
art mAste, fér att bliva lasbar, skildra det geologiska handelseforloppet med ut- 
‘gangspunkt fran den tolkning av iakttagelserna, som forfattaren finner mest 
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sannolik. Andra méjligheter f4 ndmnas — sa har ocksa skett — men de bliva. 
oundvikligen mera skjutna i bakgrunden. Vad som foranleder mig till det fol- 
jande inlagget ar dnskan att stalla under debatt vissa stratigrafiska fragor inom 
den del av lanet, dver vars geologi jag tidigare har forsokt en sammanstallning 
(Geyer 1931), i forhoppningen att de synpunkter som jag anfor skola kunna 
vara av nagot varde vid fortsatta unders6kningar inom omradet. 


PAJALASERIEN OCH KIRUNAPORFYRERNA 


Nar Tryccve Errkssons undersdkningar i Pajala (1954) hade resulterat 1 
uppstallandet av Pajalaserien sasom ett stratigrafiskt element, yngre an de jarn- 
malmsforande porfyrerna, féref6ll man att -ha fatt en uppslagsanda, fran vilken 
man borde kunna nysta upp Atskilligt av den trassliga urbergsstratigrafien i an- 
gransande trakter. Dessa forhoppningar synas ocksa ha férverkligats genom de 
fortsatta arbetena av Opman, Eriksson, Frrerscu, Fotcxer, m. fl. Det ar forst 
nar denna stratigrafiska uppfattning konfronteras med férhallandena inom det 
mest i detalj undersdkta omradet, Kirunatrakten,' som svarigheter méta. Sva- 
righeterna ifraga harrora fran de senaste arens undersdkningsresultat, som bl. a. 
innebara, att de tidigare av Sunprus (1915) beskrivna »Kirunagronstenarna» 
ech Kurravaarakonglomeratet skola tillhdra Pajalaserien och salunda vara yng- 
re an de Overliggande porfyrerna, under det att man forut alltid har raknat 
med en normal lagerfoljd, ocksa utan vasentliga avbrott. I och for sig innebar 
ju den salunda tankta situationen ingenting orimligt eller ens osannolikt. Men 
nar man gar narmare in pa bildens detaljer sa finner man anledning stalla sig 
fragan, huruvida den presenterade beviskedjan verkligen ar hallbar. 

Grunderna for uppfattningen, att Pajalaserien ar vasentligt yngre an de for- 
miodat svioniska porfyrerna i malmtrakten, dro hittills endast ratt summariskt 
presenterade. Tydligt ar likafullt, att denna uppfattning i allmanhet passar val 
ihop med vad man kanner om de bada enheternas férdelning inom omradet 
fran Kalixalven i séder till Torne Trask i norr, och att nagon principiellt skild 
uppfattning skulle st6ta pa stora svarigheter. Vad ater betraffar »Kirunagr6n- 
stenarnas» hanforande till Pajalaserien, sa synes ocksa denna uppfattning starkt 
grundad, aven om naturligtvis i dessa mycket jordtackta trakter ett direkt sam- 
manhang icke kan pavisas. Nagon pataglig svaghet i motiveringen for den nya 
stratigrafiska ordningen kan salunda icke utpekas utanfér Kirunatrakten. Lat 
oss da se narmare pa konsekvenserna nar det galler denna trakts berggrund. 

Opman har val insett de svarigheter, som de nya stratigrafiska synpunkterna 
medfora dar, och har agnat saken en grundlig diskussion. Han tinker sig fér- 
hallandena omkring de nuvarande malmbergen vid Kiruna i lapponisk tid sa- 
lunda: De malmforande porfyrerna bildade en héjdrygg. PA dennas vastliga sida 
utgotos (subakvatiskt) Pajalaseriens basiska lavor. OvanpA dem avlagrades se- 
dan det flera hundra meter maktiga Kurravaarakonglomeratet, har samman- 


‘ Det torde vara mest praktiskt att for naturgeografiska uppgifter behalla Kirunanamnet i 
dess ursprungliga betydelse. F 
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satt till vasentlig del av material fran de malmnivan underlagrande syenitpor- 
fyrerna i héjdryggen. 

Den tidigare tolkningen ay Kurravaarakonglomeratet, framgangen som re- 
sultat av Sunprus’ detaljundersékningar pa Valkeasiipivaara och Pahtosvaara 
(1915), har ju varit den, att har foreligger material fran eruptioner, vilka ha 
foregatt den stora magmautgjutning av jamforlig sammansattning som har in- 
lett porfyrserien i Kirunas malmberg; delvis har avlagringen tolkats sasom tuff 
1 egentlig mening. Det kan vara lampligt att som karakteristik av det domine- 
rande vulkaniska inslaget i konglomeratet citera en sammanfattning som gjorts 
tidigare (Geter 1931) och som darfér ar oberoende av dagens skiljaktigheter 
1 synpunkter: »De underliggande grénstenarna dro representerade saval av ty- 
piskt effusiva former som av hypabyssiska, ofitiskt struerade intrusioner. De ut- 
gora dock endast en ringa del av materialet. Den alldeles 6vervagande massan, 
saval bland bollarna som i de mera finklastiska partierna, bestar av mera saliska 
ytbergarter, namligen albitofyrer! (delvis 6vergaende uti mycket magnetitrika 
typer) och syenitporfyrer (Kirunas >liggvaggsporfyr»), som utgéra nista led i 
eruptivserien. De vanligaste formerna bland dessa dro dock sillsynta i konglo- 
meratet. De utmarkas av en hégre kalihalt och av mera pyroxen eller uralit, an 
vad konglomeratets vulkaniska material i regel uppvisar. I detta sistnamnda 
framtrada sa mycket starkare de albitofyriska leden, vilka icke spela nagon 
st6rre roll inom nasta etage. De i konglomeratet ingaende albitofyrerna skilja 
sig aven i strukturellt hanseende fran de yngre. Enligt Sunprus slipprovsmate- 
rial, som forf. satts i tillfalle att genomga, aro namligen dessa bergarter i stor 
utstrackning karakteriserade darav, att grundmassans albitfaltspat ar utbildad 
i tunna tavlor, garna trakytoidalt anordnade. Denna struktur har en viss slakt- 
skap med spiliternas. Den uti »liggvaggsporfyren» vanliga strukturen, med falt- 
spaten framtradande sasom kortare lister, regellést anordnade och med komph- 
cerade kornfogar, ar dock aven den representerad bland konglomeratets albito- 
fyrbollar.» . 

Vad betraffar de av Opman sarskilt framhallna bollarna av magnetitsyenit- 
porfyr, sa tala dessa narmast for Sunprus’ uppfattning.? Visserligen finnas bland 
dem sadana som helt likna varianter av den mellan Luossavaara och Nokutus- 
jarvi upptradande magnetitsyenitporfyren, men andra former skilja sig starkt 
fran dessa och visa, liksom de ovan sasom albitofyr betecknade bollarna, en 
tunntavelformig utbildning av albiten och darmed anknytning till spiliterna. 
Annu mera markant ar denna anknytning i sadana magnetitrika bollar, som 
‘ocks& innehalla uralit med ofitiskt inneslutna albitlister (Sunprus 1912), ett 
drag som Aterfinnes i »Kirunagrénstenarnay men som 4r absolut frammande 
for »liggvaggsporfyren» och klart strider mot dennas natur. 

Hela sviten av gronstenslavor och bollmaterial erinrar i hogsta grad om 


1 Uti ifragavarande arbete undveks den sa ofta missbrukade termen keratofyr, ehuru dessa 
porfyriska albitbergarter val motsvara dess ursprungliga innebérd. I dess stalle anvandes 
»albitofyr». uy i peed 

2 Bailar ae apatitforande jarnmalm, som ocksa forekomma, aro sa underordnade och till sin 
karaktar foga upplysande, att de svarligen kunna anses bevisa att erosionen vid denna tid- 
punkt hade berort de stora malmkropparna. Men bollarna utgéra givetvis ett viktigt obser- 


vandum. 
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Bensons beskrivning (1915) av spilitiska pillow-lavor, doleriter och keratofyre: 
; devon i New South Wales, dar keratofyrerna kunna bli sa magnetitrika att de 
Sverga i nadstan ren malm. Det ma ocksa erinras om den i manga olika lander 
och skilda system Aterkommande associationen av spiliter och keratofyrer. Det 
har darfor fallit sig hogst naturligt att forestalla sig en magmatisk utveckling 
fran »Kirunagrénstenarna» éver konglomeratets bolltyper fram till de forme: 
som representeras av malmbergens porfyrer. I alla handelser 4r huvudmassar 
av konglomeratets material sa nara beslaktad med de underliggande gronste- 
narna, att en harkomst fran erosionsprodukter ifran malmbergens porfyrer fo: 
dess del ar praktiskt taget utesluten. Vissa former kunna dock, som sagt, har- 
rora fran dessa sistndmnda. Om nu dessa skulle vara sa mycket aldre an konglo- 
meratmaterialet i Svrigt, si ar det ju ett mycket egendomligt sammantraffande. 
att den nuvarande ordningsfoljden ger en sa naturlig bild av en magmatisk ut- 
vecklingsserie. 

Opmans uppfattning av stratigrafien och tektoniken ar emellertid icke absolut 
beroende av hans forestallning om konglomeratmaterialets proveniens. Visser- 
ligen synes det osannolikt, sasom nyss framhallits, att detta material skulle till 
hora en helt annan geologisk cykel 4n de malmforande porfyrerna, men nagon 
orimlighet innebar ej ett sadant antagande. Den stérsta svarigheten, nar det 
galler att i detalj tillampa Opmans uppfattning, synes mig i stallet méta nai 
det galler att prestera en stratigrafisk och tektonisk tolkning av den kanda berg- 
artsfordelningen i trakten. 

Vad forst betraffar sjalva kontakten mellan Kurravaarakonglomeratet och 
porfyrerna, sa har denna tidigare varit blottad pa ett stalle (Grtyer 1910, s. 71). 
Dess utbildning uppfattades ej da sasom indikation pa nagon vasentlig for- 
skjutning, och fragan om en sadan hade, med datida uppfattning av stratigra- 
fien i stort, blott ringa betydelse. Numera har emellertid R. Frretscu, enligt vad 
han valvilligt meddelat mig, foretagit en mera omfattande blottning pa samma 
stalle och darvid kunnat konstatera, att gransytan ar ett forskjutningsplan med 
brant stupning mot nordvast. Detta ar ju en i och for sig mycket viktig iaktta- 
gelse, men det synes knappast mdjligt att av densamma draga slutsatser, som 
imnebara en rimlig losning av de stratigrafiskt-tektoniska problemen. OpMan 
har forut menat (1957, s. 64), att »d& Kurravaarabergarterna antagits ha fyll 
ut depressionen V om den gamla héjdryggen med de dldre bergarterna behév- 
des icke nagra rérelser av stérre matt for att dessa skall ha pressats ut dver 
Kurravaarakonglomeratet och darigenom ha Astadkommit en skenbar dverlag. 
ring». Fran denna Opmans utgangspunkt maste man nu, med hansyn till den ay 
Prietscu pavisade stupningen av forkastningsplanet, rakna med att i stillet 
Kurravaarakonglomeratet (etc.) har skjutits upp pa porfyrerna, sdlunda en ré 
relse 1 motsatt riktning mot de markerade 6verskjutningarna i Vakkoserien C 
om malmbergen. Aven om man raknar med »rorelser av stérre matt» synes er 
tillfredsstallande rekonstruktion svar att prestera med utgangspunkt fran der 
nu antagna stratigrafien, detta ej] minst med hinsyn till lagerstallningen i de 
bada berérda bergartskomplexen. 


Den aldre uppfattningen av stratigrafien grundade sig ursprungligen pa de 


- 
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Orhallandet, att lagerféljden av grénstenar, konglomerat och porfyrer ansigs 
alltigenom visa konformitet i strykning och stupning. Konstaterandet av for- 
castningen emellan konglomerat och porfyr berér ej det ytterst viktiga faktum, 
att lagerstallningen inom de olika leden ar fullt enhetlig; i varje fall ar det 
tydligt, att om nagon avvikelse i stupning dver huvud taget foreligger emellan 
porfyrerna och den underliggande Pajalaserien, denna vinkeldiskordans mi&ste 
vara sa obetydlig att den saknar stratigrafiskt och tektoniskt bevisvarde. 

_ Om, sasom synes sannolikast, porfyrserien uti lapponisk tid icke langre be- 
fann sig i horisontellt lage, maste ju en vinkeldiskordans ha forelegat emellan 
densamma och den férmodat yngre Pajalaserien. Darav foljer ocks&, att fér- 
skjutningen maste ha astadkommit den nuvarande (ungefarliga) parallellismen 
emellan de bada seriernas lagerstallningar. Saken blir for 6vrigt ingalunda enk- 
lare, om man antager att porfyrerna under sagda skede annu intogo ett approxi- 
mativt horisontellt lage. De tektoniska forandringar, som den nya stratigrafiska 
uppfattningen forutsatter ha 4gt rum, maste darfér vara skaligen komplicerade, 
ech den nuvarande bergartsf6rdelningen kan icke forklaras utan att man rak- 
nar med sadana rorelser »av stérre matt», som hittills kanda fakta forefalla 
att utesluta. Jag kan darfor icke kanna mig 6vertygad om den nya uppfatt- 
mingens riktighet. Vad Opman har anfért sasom stéd for denna uppfattning, i 
form av iakttagelser utanfér den nu avhandlade, begransade trakten, ar dock av 
sadan vikt, att de anférda lokala problemen ej kunna motivera nagot princi- 
piellt underkannande av densamma. For mig star fragan 6ppen. 

Nar salunda omfattande undersdkningar icke ha givit resultat som tillata be- 
stamda slutsatser, kan man da ha nagon utsikt att fa fragan ytterligare belyst 
utan en orimlig arbetsinsats? Ett uppslag ma papekas. 

Kurravaarakonglomeratets bollmaterial har, 1 vad angar blottningarna pa 
Pahtosvaara och Valkeasiipivaara, pa ett utmarkt satt undersdkts av SuNprus 
(1915). Infor de forandrade fragestallningarna synes dock en fornyad gransk- 
ning val motiverad. Vidare har materialet langre at NO, i Kurravaarabergen, 
aldrig blivit narmare beskrivet. En undersdkning dar kan tankas ge upplysning- 
ar av varde. Skulle det visa sig, att de syenitporfyriska och keratofyriska bollar- 
na trada tillbaka inom detta omrade, sa skulle detta innebara ett stod for 
Opmans uppfattning. Kanske annu viktigare ar dock att fa en sa detaljerad 
kannedom om Kurravaarabergens geologi, att man kan bedéma, om den pa 
Valkeasiipivaara konstaterade férkastningen fortsatter dit. Om denna forkast- 
ming (man vet icke om den 4r en éverskjutning eller ej) har mera an lokal be- 
tydelse, sa kan den knappast tankas helt avtona inom ett par kilometers av- 
stand. 


VAKKOSERIEN? OCH DJUPBERGARTERNA 


- Vakkoseriens inpassning i det stratigrafiska schemat har ju lange utgjort ett 
problem. Sedan jag (GEIJER 1931) framforde den uppfattningen, att den utgor 
oa 


4 Oavsett vad man anser sannolikt om Vakkosedimentens stratigcafiska stallning synes det 
lampligt att for dem anvanda Opmans beteckning »serie» i stallet for min »formation». 
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det distinkt yngsta sedimentara ledet inom omradets urberg och att bland djup- 
bergarterna endast Linagranitens grupp ar yngre, har ju, framst genom arbeten 
av Opman (1939, 1957), Atskilligt nytt kommit i dagen rorande denna serie. 
S3lunda har Opman lamnat avgérande bekraftelse pa Linagranitens yngre al- 
der (1939). Vidare ma framhallas uppfattningen att erénstenslavor upptrada 
konformt ovanpA Vakkosedimenten. Min forestallning hade varit den, att la- 
vorna ifraga vore éverskjutna Over sedimenten. 

OpMmans nu presenterade tolkning kan bast atergivas genom direkt citat av 
hans sammanfattning (1957, s. 12): »Vakkoseriens relation till lapponium synes 
bora tolkas s4, att den férra serien utgdr en sedimentir facies i det lapponiska 
komplexet, lokalt utbildad i vissa, under sénkning varande backen. Sedimen- 
tens karaktaér tyder pa en snabb avs&ttning, ofta i och omkring mynningen av 
floder, som haft hég transportkapacitet och som sannolikt i branta lopp kommit 
fran angransande héglander. Vakkoserien dverlagras konformt av lapponiska 
vulkaniter inom flera omraden. N om Kiruna Aterigen ligger Vakkoserien kon- 
kordant pa det sannolikt lapponiska Kurravaarakonglomeratet.» 

Inom Vakkoseriens utbredningsomrade ar »lapponium i 6vrigt» representerat 
endast av Pajalaserien. Jag skall darfor har bibehalla denna sistnamnda benam- 
ning och undvika termen lapponium, som ju enligt OpMaNn bor omfatta bada 
serierna. 

Till den nyss citerade sammanfattningen ma fdljande reflexioner knytas. 
Vakkoseriens utbredning har sannolikt varit ganska begransad, men det synes 
foga troligt att avsattningen skulle ha agt rum i flera skilda backen. Sedimen- 
ten borja alltid — i den man bottnen ar kand — med helt lokalt material, men 
deras huvudmassa ar, i alla omraden dar man har anledning rakna med att la- 
gerfoljden ar nagorlunda fullstandigt bevarad, en kvartsrik sandavlagring av i 
stort sett likformig karaktar. Nagon grund att av sedimentens natur draga sada- 
na paleogeografiska slutsatser, som géras i den citerade sammanfattningen, sy- 
nes darfor knappast foreligga. 

Nar Opman betecknar de Vakkosedimenten éverlagrande grénstenarna som 
»lapponiska vulkaniter» maste detta naturligtvis uppfattas sasom avseende »vul- 
kaniter av samma art som i Pajalaserien». Dylika, har till stor del sAsom grén- 
skiffrar foreliggande vulkaniter aro emellertid sadana vanliga féreteelser att 
likheten, 4ven om den bér noteras, dock icke innebar nagot bevis i Aldersfra- 
gan. Aven enligt Opmans uppfattning skulle ju ocks& en lang sedimentations- 
period skilja dessa vulkaniter fran Pajalaseriens; nagon stratigrafisk identifie- 
ring kan salunda ej vara avsedd. 

Om nu Kurravaarakonglomeratet hanféres till Pajalaserien sasom en lokal 
avslutande bildning, och detsamma i Kurravaarabergen overlagras av Vakko- 
serien, sa blir ju i alla handelser den senare ett klart yngre element an Pajala- 
serien. Fraga ar da — hur mycket yngre? Har nagot geologiskt skeende ay va- 
sentlig betydelse agt rum under tiden mellan de bAda seriernas uppbyggande? 
ODMAN menar, att sa icke har varit fallet. Enligt den uppfattning, som jag ti 
digare (Gerjer 1931) har framfort, skulle daremot de djupbergarter, som jag 
betecknat som den »aldre gruppen» (huvudsakligen serien syenit — pertitgra- 
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it) till tiden falla emellan. De olika uppfattningarna te sig saledes schematiskt 
alunda: t 


Opman 1957 Alternativt schema 
Syenit, pertitgranit, Linagranit Se 
Vakkoserien 


Ep noniaih | Vakkoserien ee : F 
Peiiaerien N es oS 
Pajalaserien 


Uti mitt alternativ ar den andringen gjord gentemot stratigrafien av ar 1931, 
tt Pajalaserien nu, pa grund av de senaste Arens forskningar (Errksson 1954, 
YoMAN 1957) framtrader sasom en sjalvstandig enhet och darmed ej blott den, 
tan ocksa djupbergartsgruppen syenit-pertitgranit, har flyttats upp till en se- 
are aldersgrupp. Aven fér djupbergarternas tolkning ar denna forandring be- 
ydelsefull. Tidigare (Gztyer 1931) har jag fast mycket avseende vid de likhe- 
er saval i den allmanna kemiska karaktaren som i vissa karakteristiska detaljer, 
isom upptradandet av rombfaltspater, som féreligga emellan denna djupberg- 
rtsgrupp och de jarnmalmsf6rande, f6rmodat svioniska porfyrerna. Om man 
u maste rakna med, att Pajalaserien ar vasentligt yngre 4n dessa sistnamnda, 
2 inskjutes emellan de bada nyssnamnda enheterna denna series basiska vulka- 
ater (och avsevarda tidrymder). Féljaktligen faller da det resonemang, som 
ag har fort, angaende ett visst magmatiskt sammanhang mellan porfyrerna och 
en namnda djupbergartsgruppen. 

_OpMan tanker sig nu den forklaringen av de ber6rda likheterna, att djup- 
ergartsgruppen ifraga har uppkommit genom palingenetisk uppsmaltning av 
fioniska vulkaniter. Dylika antaganden ha i svensk urbergsgeologi flera ganger 
‘amkastats med den storsta lattvindighet. I det nu foreliggande fallet daremot 
mnas obestridligen sakliga skal for en sadan tolkning, under forutsattning av 
e antagna Aldersférhallandena. Det far dock ej forgloémmas, att den kemiska 
enomsnittssammansattningen pa de bada eruptivgrupperna — porfyrerna och 
jupbergarterna — torde vara ganska olika. Saken ar darfor ingalunda enkel. 
“Vad som nu, liksom tidigare, synes mig tala for de ovan i »alternativt sche- 
ja» angivna relationerna mellan Vakkoserien och de olika djuperuptiven ar 
els den mycket omdiskuterade konglomeratboll av albitgranit vid Poketinjarvi, 
ym talar fér att Vakkoserien ar yngre 4n pertitgraniten, dels ocksa det férhal- 
ndet, att skillnaden s4val i kemiskt-petrografisk karaktar som i geologiskt upp- 
‘adande emellan 4 ena sidan gruppen syenit-pertitgranit, 4 den andra Linagra- 
it, dro sA stora, att deras sammanforande till en intrusionsepok forefaller osan- 
olikt. 

‘Opman betvivlar, att férekomsten av albitgranit sasom boll uti Vakkoseriens. 
mnglomerat vid Poketinjarvi far tillmatas nagot bevisvarde i detta samman- 
ang. Naturligtvis ar den icke avgérande. Bergartens likhet, ej blott kemiskt- 
ineralogiskt utan ocksa strukturellt, med sadan albitgranit som forekommer 
som randfacies pa pertitgranitmassiv, ar dock hégeligen pafallande. Andra 
anitbollar skola visa granofyrstruktur; Opman framhaller att de kunna vara 
joniska. Detta ar riktigt, men sadan struktur ar inom omradet ej kand fran 
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andra djupbergarter an pertitgranit och den narstaende kvartssyeniten. Sannc 
likast synes darfor vara, att albitgranitbollen ifraga harror fran randzonen p 
ett massiv av pertitgranit, men mera an ett indicium ar den icke. 

Den grupp av djupbergarter, vars vanligaste led jag har betecknat som plz 
cioklas-pertitsyenit, kvarts-pertitsyenit och pertitgranit, bildar en val karakte 
riserad petrografisk provins, vars olika led aro forbundna genom 6vergangar. 
sitt geologiska upptradande utmarkes gruppen darav att nagon migmatitbilc 
ning eller éver huvud taget nagon mera framtradande intrusiv uppblandnin 
med sidstenen ingenstades ar kand. Porfyriska gransformer med granofyris 
erundmassa ha iakttagits pa flera stallen. Pegmatiter saknas — mojligen ar 
dock ett par gangar i Masugnsbytrakten (Isovaara) att stalla i samband me 
dar upptradande pertitgranit. 

Linagraniten (i petrografisk mening) och de densamma Aven petrografisl 
nairst&aende former som likna den i sitt geologiska upptradande, aro med s1 
kombination av mattligt pertitisk mikroklin och fri plagioklas, avensom nasta 
undantagslost hégre anortithalt, pA det hela taget distinkt skilda fran den f6 
utnamnda gruppens graniter. Lika mycket galler detta om deras geologisk 
upptradande, med migmatitisering, massupptradande av pegmatitgangar i s 
dostenen, o. s. v. Kontrasten framtrader sarskilt starkt vid Masugnsbyn (GeIjE 
1929), dar de till Tarrilainens Linagranit anslutna pegmatiterna na fram t 
endast ca 600 m fran pertitgraniten med dess skarpa kontaktlinje och albi 
granitiska, delvis granofyriska randzon. 

Nar Opman, trots dessa for honom val bekanta forhallanden, sammanstall 
de bada ifragavarande grupperna av djupbergarter, sa grundar sig detta hai 
stallningstagande framst pa den uppfattningen, att i en del forekomster en 6ve 
gang foreligger mellan pertitgranit och Linagranit. Obestridligen forekomm 
former, vilkas klassificerande under faltarbetet kan stalla sig svart. Salunda hi 
OpMAN visat mig stuffer av Kompelusvaaragranit som avgjort likna pertiter: 
niten, men den mikroskopiska bilden bekraftar ej denna bestaémning. Det | 
beklagligt, att problemet pertitgranit — Linagranit ej har kunnat upptagas t 
en specialbehandling. Vad man nu har att halla sig till, ar en deklarerad up; 
fattning men icke de observationer pa vilka den grundar sig, om ock karte 
ger vissa anvisningar. Fragan har betydelse vida utéver de lokala geologisl 
forhallandena, ty om dessa till kemisk karaktaér och geologiskt upptradande | 
olika djupbergartsgrupper skulle vara att jamstalla sA nara, som OpMan a: 
ser, sa rubbas darmed grunderna for flera nu, sarskilt inom urbergsgeologie 
sasom valgrundade arbetshypoteser betraktade AskAdningar. 

Olikheten i geologiskt upptradande vill Gpman emellertid férklara pa 
satt, att de migmatitiserande graniterna tillhdra geosynklinalomraden men « 
dvriga aro intruderade under andra férhallanden. Om man férsdker att i pra 
tiken genomf6ra denna uppdelning synes resultatet dock bliva en mycket kor 
plicerad och féga sannolik bild. , 

Nar man soker bed6ma Vakkoseriens plats i det stratigrafiska schemat b 
tydligen den avgérande faktorn, sasom sa ofta i geologien och ej] minst nar d 
galler urbergsstratigrafiska spérsmal, den ofrankomligen subjektiva vardesa 
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ingen av indiciebevis. Jag vill ingalunda bestrida, att OpMaN kan Aberopa va- 
ande skal for sin standpunkt i fragan, men jag vill dock halla fore, att den har 
asom alternativ presenterade ordningsféljden innebar en bild som val mot- 
varar de kanda fakta och i vissa avseenden ter sig mera sannolik. 

ae Demet om Vakkoseriens relativa alder spanner dver ett s& pass stort om- 
ade, att det kan synas utsiktslést att genom vidare undersékningar inom rim- 
¢ omfattning komma lanere i saken &n vad den nu avslutade undersdkningen 
lar fort den. Dock vill jag peka pa ett omrade, dar en dven ur andra synpunk- 
er hogst Snskvard detaljundersdkning méjligen kan ge upplysningar av varde 
cksa i denna fraga. Jag syftar pa Kurravaarabergen. Fér OpMANs uppfattning 
V Vakkoseriens stallning ar det, sasom framgar av det ovan Atergivna citatet. 
tay avgorande betydelse, att denna serie anses konformt dverlagra Kurravaa- 
akonglomeratet (och darmed Pajalaserien) darstiides. Men en sidan undersok- 
ung maste goras ytterst detaljerad, ej minst med tanke pA mojlig forekomst av 
naskerade dverskjutningar. SAsom redan har papekats ar det, om forkastning- 
n pa Valkeasiipivaara vore av vasentliga matt, hdgst sannolikt att densamma 
ortsatter mot NO i Kurravaarabergen. Med tanke pa hur besvarligt det har 
arit att pa platsen bevisa en dylik férkastning pa Valkeasiipivaara, sa ar det 
al ocksa troligt, att en eventuell fortsattning under Vakkoserien i Kurravaara- 
ergen kan vara lika svar att konstatera. Framforallt synes det emellertid svar- 
Srenligt, att Kurravaarakonglomeratets Ovre yta 4 Valkeasiipivaara skulle vara 
tt forkastningsplan, men i Kurravaarabergen basen for en normal, konform 
werlagring av Vakkosediment. 


SNAVVA-SJOFALLSSERIEN 


~Genom Opmans beskrivning framstar nu denna férmodat svioniska sediment- 
erie i en intressant belysning, som inbjuder till nagra kompletterande reflexio- 
er. Av det nya, som nu har tillkommit utéver tidigare, preliminart meddelade 
ppgifter, fiister man sig sarskilt vid maktigheten, som i norra delen uppskattas 
ll ca 10000 m. 

For en del Ar sedan framhéll jag, att en avlagring av Snavva-Sjofallsseriens 
atur maste harréra fran en landyta av vasentligen granitiska bergarter. Det ar 
v Opmans data numera tydligt, att det rér sig om en sedimentation av enorma 
vantiteter detritusprodukter, av kornstorleken sand, harrorande fran ett om- 
ade dar graniter (eller granitiska gnejser) ha undergatt mekanisk vittring och 
tark erosion. Den geosynklinalbildning, som enligt Opman foreligger har, har 
Slunda — om dess datering sAsom svionisk ar riktig — fatt sin valdiga sedi- 
ventutfyllning fran en pre-svionisk landyta, sannolikt med stark relief. 7 
De m&hinda nagot spekulativa utblickar, som beskrivningen av Snavva-Sj0- 
alisserien sAlunda inbjuder till, ma i sin mAn illustrera, vilka intressanta geo- 
ogiska perspektiv som Oppnats genom Opmans och hans medarbetares under- 


jkning av Norrbottens lans urberg. 


Citerat (med instammanden) av Asxiunp (G. F.F. 66: 317, 75: 316) och S. GAveEtin (ibid., 
9; 408). 


, 
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Féreningens 4ndamal 4r att framja intresset for vetenskaplig utforskning av lerornas 
egenskaper och att sammanfora for detta syfte intresserade personer till foredrag och dis- 
kussioner angaende gemensamma problem. 

Tntrade i foreningen kan vinnas av varje svensk person, som sysslar med lerforskning. 
‘Anmalan om intrade kan goras till nagon av styrelsens medlemmar. Styrelsen ma Aven 
efter darom gjord anhallan bevilja medlemskap at forskare, som arbetar i 6verensstam- 
melse med foreningens syfte. 

_ Medlemsavgiften ar kr 10:— per 4r och kan inbetalas pa postgiro 39 02 17, Svenska 
Fo6reningen fér Lerforskning, Tekniska Hogskolan, Stockholm 70. 

Till sekreteraren kan lamnas uppgifter om namn- och adressforandringar. 

Styrelsen har foljande sammansattning: 

Ordférande: Laborator Bengt Collini, Inst. f. marklara, Lantbrukshégskolan, Upp- 
sala 7. 

Sekreterare: Agr. Erik Lotse, Inst. f. marklara, Lantbrukshégskolan, Uppsala 7. 

Kassaforvaltare: Tekn. lic. Sten Tore Lundin, Inst. f. teknisk oorg. kemi, Tekniska 
Hogskolan, Stockholm 70. 

Ovriga ledaméter: Fil. lic. Ann Marie Bystrém, Sveriges Geol. Unders., Stockholm 50, 
lab. ch. Christer Enberg, Tegellab. IVA:s Forsoksstation, Stockholm O, samt som 
suppleant fil. kand. Sven Fredén, Statens vaginstitut, Stockholm O. 


Varmotet 1958 


Svenska féreningens fér lerforskning varméte hélls den 5 maj vid Kungl. Tekniska 
Hogskolan 1 Stockholm. 

Ordféranden d6ppnade métet med féljande anforande: 

Sedan féreningen sist samlades har en av vara ledamoter lamnat oss. 

Den 29 januari avled professor Helge Gétrik Backlund i Uppsala i en alder av 79 ar. 

Backlund var fédd den 3 sept. 1878 i Dorpat. 

Efter studier i St. Petersburg, dar hans far hade blivit direktér for tsarens observa- 
torium i Pulkova, blev han kustos, senare chefskustos, vid ryska vetenskapsakademiens 
geologiska museum, en befattning som han innehade 1902—1917. 

Under denna period var han aven 1912—13 argentinsk statsgeolog. , 

Nar ryska revolutionen brot ut 1917, var han i Sibirien, och han gav en gang for c:a 


a34 MOTESREFERAT [Nov.—Dec. 1958} 


95 ar sedan vid ett »Nachspiel» i Geologiska Sektionen, en mycket malande bild dver: 
den farofyllda och aventyrliga hemfarden. | 

Han dverflyttade 1918 till Abo Akademi, dar han blev professor i geologi och mi--> 
neralogi. 

Slutligen blev han professor i geologi med mineralogi och petrografi vid Uppsala \ 
Universitet 1924 som eftertradare till professor A. G. Hégbom. Han pensionerades ; 
1943. 

Backlund var mycket vittberest och hans stora intresse var ju bergskedjebildningar ° 
av skilda Aldrar, sarskilt i vara nordligare trakter. Om svenska urberget, om fjallked-- 
jan samt fragan om graniternas natur och bildningssatt samt mycket annat, handla de» 
éver 100 skrifter dar han framlagt sina ron. 

Som akademisk larare var Backlund mycket fordrande, men hans undervisning var | 
mycket grundlig och han fordrade ocksa mycket av sig sjalv. Under min tid i Uppsala | 
kunde man ta sig hem éver St. Eriks Torg hur sent som helst, nog lyste det mestadels | 
fran fonstret i professorsrummet pa »Geologen». 

Som erkansla for hans stora fortjanster inom den geologiska forskningen fick han 
1943 Gustaf Steinmann-medaljen och samma ar utgav Geologische Rundschau en 
festskrift for att hylla honom. 

For mig personligen kommer han alltid att sta som en vérdad och aktad Jarofader. 

Jag lyser frid 6ver hans minne. 

Till ledaméter i valnamnden valdes civiling. R. Lundstrém, sammankallande, civil- 
ing. L. Andersson och civiling. G. Lindskog. 

Professor I. Th. Rosenqvist, Oslo, holl darefter ett foredrag med titeln: Nye under- 
sokelser over kohesjon og plastisitet i leire. I anledning ay foredraget yttrade sig hrr 
Assarsson, Jarnefors, Kallstenius och féredragshallaren. Ett autoreferat av foredraget 
foljer nedan. 

Fil. lic. L. Arnborg, Uppsala, holl ett foredrag med titeln: Vattenregleringarnas in- 
verkan pa erosionsformer och fluviala processer inom nedre Angermanilven: Grod- 
mansundersokningar i vetenskapens tjanst. 

Tekn. lic. S. T. Lundin, Stockholm, héll ett foredrag med titeln: Experimentella 
kinetiska data for mullitens utbildning vid nagra kaoliner. Ett autoreferat av foredraget 
publiceras i detta hafte. 

Geolog S. Fredén, Stockholm, héll ett foredrag med titeln: Férsdk med elektroosmo- 
tisk avvattning av lera. I den efterféljande diskussionen yttrade sig hrr Hagerman, Ja- 
kobson och féredragshallaren. 

Efter gemensam lunch pa studentkarens restaurang visades de nya laboratorierna vid 
Sveriges Geologiska Undersékning av laborator G. Assarsson och fil. lic. B. Jarnefors. 


Sammantradet hade samlat ett 40-tal deltagare. 


Nya medlemmar 


Korporativ medlem 


Yxhults Stenhuggeri Aktiebolag, Hallabrottet 


Medlemmar 


Heien-Larssen, Kirsten, Civiling., Sveriges Geol. Unders., Stockholm 50 

Hellgren, A., Byraing., Stockholms Stads Gatukontor, Fack, Stockholm 8 

Kihlstedt, P. G., Professor, Molinvagen 13, Bromma 

Osterman, Justus, Overing., Statens geotekn. inst., Narvavagen 25, Stockholm O 

Pusch, Roland, Civiling., (Hamnférvaltningen, Norrképing), Ljuragat. 81, Norrképing 
Regnell, Ulla, Fil. lic., Min.-geol. inst., Sdlvegat. 13, Lund 
Akerman, Alf, Civiling., Reymersholms Gamla Industri AB, Halsingborg 
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Remarks to the Mechanical Properties of Soil 
Water Systems! 


By 


Ivan Tu. ROsSENQVIST 


Norwegian Geotechnical Institute 


With 9 figures in the text 


General Review 


The mechanical properties of the so-called “cohesive soils” have been dealt 
with as a subject of scientific research for more than thirty years. Several 
genetically different soils belong to the group of cohesive soils. 

By sedimented clays we understand soils formed by sedimentation of clay 
forming minerals in fresh or salt water. Subsequent to the consolidation no 
important chemical changes are supposed to have taken place in the mineral 
phase. Although related to residual clays and some other weathered soils, the 
sedimented clays form an easily distinguishable group. 

- In 1923 Assan Happinc proved by X-ray analyses that clays mainly had a 
crystalline nature. (The minerals known to us today as illites were by him 
regarded as muscovite.) 

In 1925 Kart Terzacut published his famous book “Erdbaumechanik auf 
Bodenphysikalischer Grundlage”. Here we may find a remarkably modern 
discussion concerning the structure and bonds in cohesive soils. TERzAGHI drew 
the attention to the adhesion between minerals, what he called “Null-reibung” 
and held that the cohesion in clays was due to adhesion between adjacent 
minerals. He suggested that the minerals stick to each other at the points of 
contact with forces sufficiently strong for the building up of a honeycomb struc- 
ture, so that comparatively large amounts of water may be enclosed within 
voids built up of aggregates of minerals glued to each other by the adhesion 
forces. Thus, each cell in the honeycomb structure was supposed to be made 
up of numerous single mineral grains (Fig. 1). TERZAGHI disagreed with the 
general opinion of the cohesion at that time, as due to some undefined action 
ef a hypothetic amourpheous clay substance. V. M. GoLpscumipT was mostly 
known because of his geological and geochemical work. He also published 8 
papers concerning clays. He was mainly interested in the clays as mineralogical 
raw materials, but dealt with their mechanical properties too. He performed 
series, of experiments with mixtures of clay minerals with various liquids as 
water, benzene, carbontetrachloride, liquid sulphur dioxide, and ammonia. 


1 Lecture given in The Swedish Society for Clay Research on May 5th 1958. 
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Fig. 1. The Terzaghi-Casagrande concept of honey: 
comb structure, redrawn from Terzacut: Erdbau. 
mechanik auf bodenphysikalischer Grundlage. 


In this way he discovered that the mixtures had plastic properties, provided the 
liquids had a typical polar character, whereas if the liquid involved was non- 
polar, as for instance carbontetrachloride, he obtained mixtures without plas- 
ticity, analogous to what was found in mixtures of silt and water. He concluded 
that the clay properties (mainly the plasticity) were dependent both upon the 
crystal chemistry of the mineral phase and the atomic structure of the liquid 
phase. 

In 1926 this view was presented in its conclusive form. GOLDSCHMIDT ex- 
pressed here the opinion that the clay properties were due to crystalline minerals 
surrounded by a film of adsorbed water molecules and that the water molecules 
stick to each other and to the minerals because of their dipole moment. In his 
published university lectures, he expressed the opinion that the flaky minerals 
in the high sensitive clays are arranged in instable cardhouse structures. This 
view is, therefore, somewhat different from the honeycomb structure of 'TER- 
ZAGHI, as GoLpscHMIpT held it that the surplus water was enclosed in the space 
between a few mineral flakes leaning upon each other. He thought that the 
difference between clays of high and low sensitivity was due to a denser ar- 
rangement of the minerals in the clays of low sensitivity. 

In 1932 ArrHur CasaGRANpDE presented a theory of honeycomb structure in 
sensitive soils, very similar to that of Kart TErzacut. 

In 1946 the present author showed that there could be no important differ- 
ence in the mineral arrangement of normally consolidated marine clays. With 
a given grain distribution, the water content was independent upon whether 
the clays have high or low sensitivity. It was shown that the sensitivity in the 
quick clays was connected with the colloid chemistry of the system. In case o! 
heavily overconsolidated clays of low sensitivity, SkempTon and Nortny in 1959 
expressed the opinion that their low sensitivity was due to a collapse of all the 
structures during the consolidation. 

In 1953 Witttam Lampe presented his paper “Concerning the structure ir 
inorganic soils”. He strongly held colloidal chemical view points and showec 
schematic pictures of the mineral arrangements in clays. For the undisturbec 
marine clays an open structure similar to Gotpscumipt’s cardhouse structure i 
shown, whereas in fresh water sediments the structure was thought somewha 
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UNDISTURBED 


UNDISTURBED REMOL 
Solt Water Deposit Fresh Water Deposit Bhs 


Fig. 2. The Goldschmidt-Lambe concept of cardhouse structure, redrawnfrom T. WILLIAM 
LamBe: The structure of inorganic soils. 


denser and in the remoulded clays was supposed to have a high degree of 
parallelism and short range order between the flakes (Fig. 2). 
A very similar view on the structure of the clays was held by the present 
) author in 1955 and by Byerrum and Rosengvist in 1956. Even though indirect 
methods have given us very good reason to suppose that the mineral arrange- 
ment in the undisturbed sedimented clay is of the type suggested by Lampe, 
_we have not until recently had sufficiently good means really to investigate this 
point directly. Using the special technique described in the 1955 paper, the 
present author could present a fairly good picture of the mineral arrangement 
based on optical microscopy, but the pictures were too fluffy to be sufficiently 
convincing. 

In 1957 T. K. Tan presented a schematic picture (Fig. 3) of clay mineral 

network dominated by contacts between a corner of one mineral and the plane 
_of another. 
_ As will be shown later in this paper, we have now by means of electron 
“microscopy been able to prove that the mineral arrangement in the undisturbed 
“marine clays really corresponds to the cardhouse structure suggested by Gorp- 
-scHmIpT and later by Lamps, and in fact exactly corresponds to the imaginative 
drawing of Tan. The fact that this structure has been proved, suggests in itself 
that concept of friction and cohesion in clays should be taken up to new con- 
‘sideration. These two terms have been used ever since the days of CouLoms 
in the end of the 18th century. 

Although the definition has been rather vague, today we speak of “true 
friction” and “true cohesion” in Jur. Hvorstev’s sence of the words, using the 
terms of effective stresses. The Coulomb equation in its present form runs: 

S=(o—u)-tgy’ +c’ o = total stress 

gp’ = “true” angle of friction 
u = pore water pressure 

c’ = “true” cohesion 


With most soils, independent upon whether they are designated frictional 
‘soils or cohesional soils, we find that the energy of deformation at failure is 
‘different in the natural state and in the remoulded state, as long as the water 
content is kept constant. This is the case even when the remoulded soils are 
kept for a long time after the deformation. Of greater immediate importance 
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Fig. 3. Schematic picture of clay network. (T. K. 
Tan, 1957). 


than the energy of deformation by failure is, however, the shear strength 
(drained or undrained). This value is normally lower in the remoulded than in 
the undisturbed state. 

As it is much easier to deal with a completely remoulded soil than with a 
completely undisturbed soil, the majority of the studies has dealt with the 
properties in the remoulded state. For instance, the liquid limit refers to the 
water content at a very low value of the remoulded shear strength. The vulgar 
concept of the shear strength as made up of two terms, viz. the friction and the 
cohesion, gives us a very simplified picture of the complicated factors co- 
operating in what we call “the shear strength of a soil’. The friction term is 
undoubtedly made up of different parts. We have the so-called “macro-dil- 
atancy”’, which everybody can visualize. This part of the friction is caused by 
the lifting of one mineral grain on one side of the shear plane above another 
grain on the other side of the shear plane when the shear movement takes 
place. A so-called “micro-dilatancy” is of corresponding nature. In this case 
we understand the resistance towards shear due to the roughnesses in one 
mineral particle which must be lifted up and pass along the roughnesses of 
another mineral particle. It is obvious that both these terms will be proportional 
to the effective normal stress in the shear plane. Further, it is obvious that the 
resistance to movement in such systems will depend upon the velocity of de- 
formation and the viscosity of the liquid phase of the voids as a deformation 
involves a transport of the liquid phase. However, we have at least one addi- 
tional term which gives shear resistance as a function of the normal stress in 
the shear plane. This term we have called “the non-dilatant friction term”. 
Here we understand the resistance to shear due to mass forces between the 
atoms in the one mineral and the atoms in the other mineral. Such forces will 
exist independent upon whether the minerals behave as completely elastic 
bodies or as unelastic, plastic bodies. In both cases the area of contact will in- 
crease and the distance between the atoms in two neighbouring minerals will 
clecrease by increasing normal pressure. Due to these decreasing distances, some 
of the attractive forces will increase in the same amount. Even the dilatant 
terms are, in fact, functions of the non-dilatant terms. This friction term is 
directly related to the sliding friction between sliding surfaces tgy. In grain 
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aggregates the apparent friction tgp is related to tgy and the angle between 
the contact planes and the shear plane 6 and the porosity n 


1+ tgB 7 
OR et) —— 
g PT tesp 8? (n) 


_£. P. Bownpsn, together with several coworkers, has carried out fundamental 


research concerning the nature of the non-dilatant friction (see Bowpsn, F. P. 
and Tazsor, D.: The Friction and Lubrication of Solids. Oxford University 
Press, 1954). From his publications we may draw several important conclusions: 
Primarily that the area of actual contact between two solid bodies is very low, 
€.g. under normal loads the area of contact between two steel surfaces will be 
of the order 1/100 000 of the apparent area of contact, as the real area of 


contact is nearly independent of the total area and only dependent upon the 


load. The real area of contact is only to a small extent influenced by the rough- 
ness and shape of the metal surfaces. The real area of contact may as an 


“approximation be expressed by the following equation 


W means the total load and Pm the yield value of the material. As the non- 
dilatant friction is regarded as due to the adhesion in the area of contact, we 


“may as an approximation state that 


PSAs 


-F means the friction and s the shear strength of the junction. Thus we obtain 


a close connection between friction and adhesion. The friction represents the 


shear strength and the adhesion the tensile strength of the bonds in the contact 
area. The difference in the non-dilatant friction for various solid substances is 
“mainly due to variations in their mechanical properties, as the contact area as 


well as the strength of the bonds are determined by these properties. Materials 
which give a high friction will also give a strong adhesion. The reason why we 
do not observe this adhesion is mainly due to the elastic stresses occurring in 


and around the contact areas. These stresses will be released when the load is 


t 


‘taken away, and may be sufficiently strong to break the bonds of adhesion. 


When these stresses could be avoided by re-crystallization or by the ductility 
in the junctions, the adhesion will be observed. 


It seems as if each of the three different friction terms mentioned will depend 


‘upon specific angles of friction and specific deformation at failure. The de- 


formation of failure decreases in the order from “macro-dilatant” through 


““micro-dilatant” to “non-dilatant friction”. The deformation at failure will 


thus determine which friction term we have to consider when the shear strength 


value is measured. ; 
Turning to the cohesion term in cohesive soils, it has been pointed out 
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(Fourth Intern. Conf., Proc. No. 3, p. 257) that the liquid limit of clays mainly 
depends upon three factors: 

(1) The amount and nature of the minerals. 

(2) The degree of electro-chemical saturation. 

(3) The polarizability of the adsorbed ions. 

There is an important difference between the montmorillonitic clays and the 
illite clays, in respect to the influence of the adsorbed cations. Thus lithium 
and sodium montmorillonites have abnormally high swelling power, because 
these cations cannot keep the single sheats of the lattice together. With the 
larger alkali ions, viz. potassium, rubidium and caesium, the internal swelling 
property is absent. This was shown by X-ray-methods by R. S. DyaLi and S. B. 
Henprics (Soil Science Society of America, Vol. XVI, 1952, pp. 44—49). 
Montmorillonites which have adsorbed the larger cations thus behave analogous 
to the illites, and give a regular increase in the liquid limit by increasing 
polarizability of the adsorbed cations. 

Already Kart Terzacut had noticed the influence of the different electro- 
lytes upon the consistence of clays. In fact even the pre-historic ceramists seem 
to have known the influence of soda ash upon the consistence of clay when 
they manufactured their pottery. This influence is related to the degree of 
electro-chemical saturation. By the leaching experiments, it has been shown 
that the electrical charge of the mineral grains may have an important in- 
crease during leaching due to dissociation of the adsorbed cations from the 
clay mineral rests. Correspondingly the negative charge of the mineral may in- 
crease when certain anions are adsorbed as for instance a carbonate ion from 
soda ash or other anions as phosphates and silicates. Salts of such anions are 
used as dispergents in most soil laboratories. The effect is due to an increase 
in the repulsive forces between the highly negative charged minerals because 
of the anions adsorbed. This will change the mechanical properties of a clay- 
water mixture at a given water content. We have shown (op. cit. 55 p. 77) 
that the liquid limit of a Norwegian illite clay may decrease from 42 to 29 
when small amounts of NayP2O; is added. With addition of such salts, we may 
influence the shear strength by a given water content in a similar way as by 
leaching out the normal salt content; we may even simulate the formation of 
quick clays. Several papers by P. A. Rensinper and coworkers published by 
SSSR Academy Nauk in the years 1940—1957 deal with the rheological prop- 
erties of clay pastes as colloidal chemical functions. These papers most ex- 
cellently point out the importance of the VAN DER Waat’s forces in the coagu- 
lated clay systems. The modern Sovjet clay science is to a very high degree 
influenced by the viewpoints of Rensrnper. In the West the colloidal chemical 
view has gradually penetrated during the later years. 

In addition to the factors acting in the remoulded state (in pastes), the shear 
strength of a consolidated sedimented clay is a function of 

(4) The water content. 

(5) The stress history. 

(6) Diagenetic cementation. 


= 
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Fig. 4. Stereoscopic picture of the vertical section in undisturbed Oslo clay. 
8000 x. 


Yo take the last point first, many soils are found where amorphous or crystalline 
mineral substances have precipitated between the minerals thus forming a con- 
‘inuous skeleton of minerals. It is obvious that a shear through such a soil will 
depend upon a failure in the cementing substance on the original minerals. 
(See N. J. Denisov and P. A. Renpinper: On Colloid-chemical Nature of 
cohesion in Argillaceous Rocks, Doklad of Acad. Nauk SSSR, Vol. LIV, p. 
919—522.) Even though it is impossible at present to calculate quantitatively 
he real strength of a mineral crystal from the lattice forces of the substance, 
t is in principle easy to understand why a mineral crystal has shear strength. 
[he cementation in addition to the effect of stress history is involved in the 
soncept “structural cohesion’ as mentioned by Denisov and Retrov (Fourth 
Int. Conf. IA/29). Disregarding the cementation which is unimportant in ge- 
logically young sedimented clays (i.e. Wiirm-post Wiirm Clays of Scandinavia), 
n such cases we have to deal with the action of friction and cohesion in a 
liscontinuous system where the different minerals may be separated by a lim- 
ted layer of adsorbed water between the grains, or where the grains are in 
shysical contact. 

~The Gotpscumipt-Lamse theory of the mineral arrangement in undisturbed 
Jays needed for its confirmation a technique not developed at that time. Using 
nodern electron microscopy methods pictures as seen in Figs. 4 and 5 are 
tained. As will be seen the arrangement tallies with the schematic picture in 
,AMBE’s paper and to an astonishing degree with the hypothetic scheme of Tan 
Fig. 3). It is our opinion that the specimen really represents the mineral ar- 
angement in an undisturbed clay. The specimen was prepared by quick free- 
ing of a 2 cm thick plate of undisturbed blue marine Oslo-clay, which was 
mmersed in liquid air. Subsequently the frozen specimen was dried in vacuum 
t a pressure of about 10-* mm Hg. The freezing in liquid air involved a very 
light volume increase (3 %), whereas the drying took place without any 
neasurable change in dimensions. The dried plate was broken mechanically 


442 IVAN TH. ROSENQVIST [Nov.—Dec. 193€ 


Fig. 5. Mineral arrangement in blue Oslo clay, (perspective). 
Ga. 25'000=x. 


and the central part of the (vertical) surface thus obtained was used for thi 
carbon replica, which was photographed in the electron-microscope. 


The technique used for the preparation of the carbon replica is a slight modificatio 
of the technique published by Comer and Tur ey. Because of the roughness of th 
surface of the freeze-dried and broken clay specimens, these were rotated (ca. 40 
rpm) during the evaporation of the carbon. The evaporation was performed at a 
angle of about 45° in order to get a relatively uniform film thickness. On top of th 
carbon film a thick (0.1—0.2 4) aluminium film was evaporated. This stage was intr¢ 
duced to avoid the influence of the polystyrene (applied hot on the specimen) on th 
dissolution of the clay in hydrofluoric acid, as this type of clay, contrary to most othe 
types, is difficult to dissolve when the polystyrene is applied directly on to the carbo 
film. Before dissolving the clay, most of it is washed off with water. After the treatmer 
in hydrofluoric acid, the replica is washed and mounted in the usual way. 


The minerals seen on the photographs are mainly hydrous mica (illite) an 
2 larger feldspar grains at a slightly inclined angle to each other. An importar 
point seen in the stereopictures is the very open mineral arrangement dominate 
by contacts between corners and planes. Until now we have examined mot 
than 20 clays in this mineral and have found the same arrangement in a 


marine clays. Thus, the “corner plane-cardhouse” arrangement is very well cot 
firmed. 
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Polarizability of the Adsorbed Cations 


In an earlier paper, Publication No. 9, from Norwegian Geotechnical In- 
stitute, pp. 111—112, it was stated that the shear strength of certain clays 
substituted with different cations had a relation to the calculated polarizability 
of the adsorbed cations. It was mentioned that, provided that VAN DER WAAL’s 
forces acted between the adsorbed cations on one mineral and the lattice field 
of an adjacent mineral, the forces should be proportional to the first power of 
the polarizability. Provided that the forces took place between the same type of 
ions on the two minerals, the attraction should be proportional to the second 
power of the polarizability of the ions. In case of illitic clays substituted with 
alkali cations, the first power relation was found. This is also to be inferred from 
the Gotpscumipt-Lamse cardhouse arrangement, where edges of one mineral 
are in contact with the planes of another mineral, provided the conditions for 
adsorption are different along the edges and along the planes. Later experi- 
ments published at the Fourth International Conference confirm this concept. 
In discussions with colleagues it has verbally been raised the question whether 
the polarizability or merely the size of the cations is of importance. This ques- 
tion seems to be elucidated from the following experiment: 

In a series of test tubes, the same amount of a diluted clay slurry was mixed 
with the same amount of half-normal solutions of the chlorides of the following 
eations: lithium, potassium, caesium, aniline, cyclohexylamine. The final sedi- 
mented volume after 6 weeks is seen from the picture (Fig. 6). In this case we 
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Fig. 6. The final sediment volume of the same amount of clay See 
sedimented in water containing equimolar concentrations of chlorides o 
various monovalent caticns. 
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have the aniline and the cyclohexylamine of very similar configuration. Due to. 
the conjugated double bonds in the aniline ions, however, this ion is much more 
polarizable than the cyclohexylamine. The volume of the aniline clay seems to! 
be about 50 % larger than the volume of the cyclohexylamine clays. This: 
shows that the bonds between the minerals substituted by the cyclohexylamine 
are weaker than those substituted by the aniline. Consequently, a denser struc-. 
ture is necessary to carry the weight of the minerals in the cyclohexylamine clay. 

If we suppose that the clay sediments in the test tubes were consolidated to 
the same water content, it seems obvious that the lithium clay would exhibit a 
lower shear strength than the rest of the clays, and that the aniline clay would 
exhibit the highest shear strength value. In such a case, the arrangement of the 
mineral skeleton and the water phase could not be very different in the single 
sample, the main difference being that the adsorbed cations on the surface of 
the minerals have very different polarizabilities, thus creating variations in the 
attractive force between the minerals. This again means that the adhesion be- 
tween two neighbouring minerals with the same contact area is greatest in the 
aniline clay and lowest in the lithium clay. 


The Water Phase 


The fact that the water phase nearest to the clay minerals has an intrinsic 
energy similar to that of ice, makes it probable that the physical state is very 
near that of a solid body. The concept “solid body” is, however, poorly defined 
and may be applied to materials varying from soft greasy crystals, to diamonds 
and pure grown metal monocrystals and other materials with tensile strengths 
a hundred times higher than that found in ordinary ice. From this, a mere 
knowledge of the free energy of the water phase surrounding the clay minerals 
will, in fact, tell us nothing about the real shear of tensile strength in this 
phase. However, we have many reasons to suppose that the physical state of 
some part of the water phase in clays may differ considerably from that of 
ordinary water. 

Much importance has been contributed to the water phase nearest to the 
clay minerals. By different authors this water phase has been supposed to glue or 
weld the minerals together, thus being responsible for the cohesion term of clays. 
The concept of a relatively thick bound water layer around the clay minerals 
have entered into the clay literature at a very early time and is still often en- 
countered. Measurements of heat of swelling and the vapor pressure/tempera- 
ture relations of a particular clay substituted by different cations proved, how- 
ever, that the calculated thickness of the “crystalline water” corresponds to ar 
ice layer of the order 10 A thickness surrounding the minerals. It seems, how: 
ever, as if there is a gradual decrease in the degree of the order, so that the 
influence of the minerals will act upon the water phase to a somewhat greatel 
distance, say 25 A but not much more. To follow up this point, we have deter. 
mined from practically dry to about the plastic limit the vapor pressure tem- 
perature curves for a clay with a known surface at a variable hydratisa- 
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jon over a long range of water contents. The values found confirm the ex- 
9onential increase in free energy as a function of the distance from the miner- 
ul surface. Therefore, it must be appropriate to speak about a thin adsorbed 
liffuse water film. Innermost, the water, at least, is influenced by the mineral 
n such a way that the bonds correspond to those in a solid material (Ce elit 
s a well-known fact that even when dried at 110°, the clays contain important 
mounts of hydrogen which will be given off by further heating. In case of 
lite clays, this water is supposed to be present in three different states: 


(1) Firmly adsorbed water (icelike water). 
(2) Water present as H3O*, 


(3) Water present as OH. | pee cay acy 


The presence of the first group of water is inferred from the fact that there 
s but a gradual change in the slope of the dehydration curve when the heating 
s continued above 100°. The presence of water in the state (2) and (3) is 
lirectly seen from the formula of the illites. 

In order to investigate the mobility of the water in the different states, we 
lave tried exchange reactions between the protium of the dried clay minerals 
nd the deuterium of added heavy water. (Full description Geochemica Cos- 
nochemica Acta, 1958.) The experiment was carried out in the following way: 

In each of a series of test tubes, 10 g clay powder, dried at 110°, was mixed 

vith one gram of heavy water, and the tubes were immediately sealed off. The 
ubes were then kept for a given time and then opened and the water phase 
listilled at a temperature of 110°. Determination of light hydrogen in the heavy 
vater would then directly give the amount of exchange between the free water 
yhase and the water present in the pre-dried clay powder. 
In another series of corresponding experiments, moist clay powder was mixed 
yrith a larger surplus of heavy water and immediately afterwards separated 
gain by means of vacuum filters. This procedure could be done in a time 
horter than one minute. It proved, however, that even such a short time was 
ot sufficiently short to give any idea as to the slope of the first exchange reac- 
ions. Even at a time of 53 seconds, we had complete exchange between the 
eavy water and an amount of water corresponding to that given off by the 
uinerals by heating them at a temperature of 110°. Conventionally we call the 
ried residue of a soil heated to 110° C “The mineral phase”, and the water 
xpelled up to this temperature is called “The water phase” despite the fact 
nat the liquid phase filling the voids in soils often contains non-volatile dis- 
slved substance in considerable amounts. Further the soil dried at 110° con- 
tins a considerable amount of hydrogen in one state or another. 

The result of the different exchange reactions mentioned, was that the 
rotium of the “mineral phase” underwent exchange reactions with the deu- 
rium of the water phase at different velocities. One part of the hy- 
rogen corresponding to about 13 % omrihye one liye 
rogen content after heating to l POes Cyaw as completes 


, exchanged with the surrounding water phase 
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within a few minutes; another part corresponding ft 
about 17 % of the hydrogen content at 110° C neede& 
weeks before equilibrium with the surrounding wate 
phase was reached, and the third part correspondin: 
to about 70 % of the hydrogen content) hadi 
reached equilibrium even after 610 days; most probe 
bly several years — or even centuries —*are necessa® 
before 100 % equilibrium is reached (Fig. 7). Eventualh 
however, all hydrogen atoms of the clay minerals will interchange and be 1 
equilibrium with the free pore water. 

Thus, we have to conclude that the normal clays will have their wate 
present in different states. Some water is filling up the voids and may be presse 
off mechanically by moderate forces. Conventionally we call this water th 
“pore water”. This includes the so-called “capillary water”. There is no physi 
cal basis for a distinction between “free pore water” and “capillary water”, bot 
terms describe mobile H,O molecules in normal associations. The only dif 
ference is found in the hydrostatic pressure. Another part of the water canne 
be pressed out by stresses normally applied, but it will be expelled by moderat 
heating or drying in an atmosphere of low relative humidity. In addition t 
these two states of water which represent more or less normal water, we hay 
the three states of hydrogen mentioned above. It is, of course, conventions 
where to draw the border lines between the different states. We prefer to mak 
a separate group of the water content which is given off and taken up betwee 
room temperature at 96 % humidity and 110° C at 0.6 % humidity. This valu 
is used because 0.6 % relative humidity roughly corresponds to the water cor 
tent of normal laboratory air when heated to 110°. The water given off betwee 
these two limits we call the “hygroscopic” or “loosely adsorbed water”. As see 
from the isotope exchange, there will, however, still be some water which dos 
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ot differ qualitatively but only by degrees from this hygroscopic water. We 
all it the “firmly adsorbed water”. The rest of the hydrogen is then present as 
l30* and OH ions in the silicate lattice. These last states of hydrogen are 
enerally accepted to belong to the mineral structure proper. All these dif- 
‘rent states of water are necessary in order to make up the natural mineral/ 
ater systems called clays. 

The first water mentioned represents the pore liquid filling up the voids. 
‘his water is not considered as a part of the mineral phase, although it may be 
fluenced by forces from the mineral lattices. The loosely and firmly adsorbed 
fater may or may not be considered a part of the mineral phase. The study of 
ae plasticity and shear strength of clay suggests, however, that it is natural to 
wolve the “firmly adsorbed water” at least in the mineral concept, as such an 
iclusion gives support to some reasonable hypotheses concerning the me- 
hanical properties of the clay water system. 

It has generally been assumed that the viscosity of the liquid phase in the 
lays differed from the viscosity of normal water. Further, it has been assumed 
at the viscosity of the clay water increased by decreasing distance from the 
4ineral surface. At present we do not know any technical method which per- 
its a direct determination of a yield value or viscosity of the water adsorbed 
n the surface of the tiny clay minerals. However, indirectly it seems to be a 
ossibility for a determination. Under certain conditions there exists a relation 
etween the coefficient of the self-diffusion in a liquid and the coefficient of 
iscosity of the same liquid (B. Orrar 1955). In a previous paper (op. cit. 
955) it was shown that the self-diffusion of water in the water phase of satu- 
ated clays was noticeably lower than the self-diffusion in ordinary free water. 
hus, for three different saturated clays, values between 0.12 cm? per day and 
14s cm? per day were found, whereas the diffusion coefficient in free water is 
nown to be 3 cm? per day (Juy Hsy Wane 1951—53). The saturated clays 
ill always have a fairly high water content and the influence of the pore 
ater will be overwhelming. By water contents lower than corresponding to 
ill saturation, the result obtained was, however, confusing and irreproducible ; 
is, most probably, due to partial diffusion in the gas phase. By a new techni- 
ue, this difficulty seems to be overcome. We have now prepared mixtures of 
ay minerals at relatively low water contents and CCly, subsequently we have 
mnsolidated these pastes so that all the voids are filled with carbontetrachlo- 
de. As water is practically insoluble in carbontetrachloride, there will be no 
arked diffusion through this phase, but only through the water phase sur- 
yunding the minerals. By self-diffusion using heavy water as tracer, it was 
sssible to determine the apparent diffusion coefficient in the sediment and 
is value could then be recalculated to the water phase. Thus, we found D- 
ues from 0.08 cm? per day in a mixture of finegrained illite with 30 % 
ater to D = 0.013 % cm? per day in a mixture of the same minerals with 
) % water. Provided diffusion takes place as single molecules, these values 
rrespond to viscosities from 24 centipoises at 30 % water and 153 centipoises 
10 %. If extrapolating these values, we arrive at very high viscosity values 
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in the water phase next to the mineral surface, whereas the normal viscosit) 
coefficient at about 1 centipoise may be present in parts of the free pore wate: 
(Fig. 8). This concept of a pitchlike viscosity in the water next to the mineral 
may give support to the opinion that the adsorbed water form the “glue’ 
responsible for the cohesion in clays. This primitive hypothesis, however, doe 
not explain why the adsorbed cations have such an important influence on th 
strength of a clay at a given water content. The difficulty arose as it was founc 
that the viscosity and amount of adsorbed water seemed to vary but very littl 
when the adsorbed cations were changed. At the same time the shear strengtl 
varies considerably. 

Another explanation of the adhesion between the minerals in a clay may be 
raised in this connection, viz. the influence of the variation in the surface 
energy of the adsorbed water and the water in the voids. It is generally know1 
that the surface energy of solids is higher than that of liquids. As the fre 
energy of the water next to the clay minerals is found to be nearer to that o 
ice than that of water, we have to assume that the surface energy of the ad 
sorbed water might be higher than that of the free pore water. Thus, we hav 
to take into account an “interphacial tension” between the water closest to th 
minerals and the free water of the voids. This “interphacial tension” may b 
suggested to be the reason for adhesion between adjacent minerals and hene 
for cohesion even in saturated soils. ‘This is in principle the same as the “ap 
parent cohesion” in partially saturated soils: If two solids are partially wette 
and brought in contact, we know that they will stick to each other because o 
the surface tension in the concave menisci of the water films. The force require 
io pull the two solids apart will be proportional to the surface tension and in 
verse proportional to the curvature radius of the meniscus. By small curvatur 
radia, these forces will obtain very high values, giving an apparent cohesion i 
such aggregates. During the process of normal drying we know that the surfac 
tension will consolidate clays considerably and bend and even crush the mineral: 

When a saturated soil sample is immerged in water, the action of the surfac 
tension is concealed, and a wet sand or silt sample will fall apart. Howeve 
supposing an interphacial tension between the water next to the minerals an 
the water in the voids, there will be an analogy between such a system and th 
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partially wetted silts in air. However, as we do not know the actual value of the 
surface tension of the adsorbed water and there obviously is a gradual transi- 
tion towards the free water, the concept of the interphacial tension is rather 
obscure. Nevertheless, such an interpretation may not be excluded, and it may 
be that the influence of the different cations on the interphacial tension could 
explain why for instance lithium clay has a much lower shear strength than a 
caesium clay at the same water content. However, there is one observation 
which stands to contradict such an assumption; that is the fact that a partially 
dried clay with air in the pores has very much the same strength as when the 
pores are filled with CCly, although the interphacial tension of water towards 
CC], is less than 2/3 of the surface tension of water. 


The Effect of Water upon the Mechanical Properties 


Although the mineralogical composition, the grain size distribution and the 
geological age and origin may differ radically from one clay to another; there 
are some general features which characterize all clays and separate them from 
other inorganic soils. The plastic properties of clay-water systems are the most 
conspicuous and most of the other characteristic properties of clays may proba- 
bly be linked together with the fundamental origin of the plasticity. From 
Hvorslev’s experiments we know that if a clay-water slurry is consolidated by 
a given stress to a given water content, and again unloaded and allowed to 
swell in water; the shear strength of such a material depends upon the water 
content and the stress conditions. The reduction in shear strength by unloading 
is relatively moderate by all clays and may be insignificant as in the case of 
bentonitic clays. The shear strength of all clays depends on the previous stress 
conditions to quite another extent than in the silts and sands. This persistent 
shear strength by unloading must be physically explained by any theory de- 
scribing the clay-water systems. 

As mentioned, V. M. Gotpscumipt found that the typical clay properties, 
mainly the plasticity, depended on interactions between water and certain leaf 
minerals. He found that if clay minerals were mixed with non-polar liquids as 
for instance carbontetrachloride, the mixture behaved as a pure frictional 
material. He could not find any adhesion under such circumstances but that 
the shear strength was proportional to applied stress and disappeared when the 
normal stress was unloaded. Further, he found that it was impossible to obtain 
mixtures of clay minerals and carbontetrachloride which could be shaped 
plastically in the same way as mixtures with water or other polar liquids. These 
were important findings and help us to understand the clay-water systems. 
Gotpscumipt worked with pre-dried mineral powders and did not try an ex- 
change of water phase in undisturbed or remoulded clay-water samples. Such 
exchange experiments have been performed by Micnagrs and Lin (1954). They 
found that the structure and the permeability in prepared mixtures of kaolinite 
with different liquids at a given void ratio depended on the nature of the fluid. 
Even when water was used as the moulding fluid and successively was replaced 


, 
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by other liquids, the permeability values differed for different fluids; viscosities: 
and densities taken into account. In these series we may infer that the structure! 
of the mineral skeleton was unaltered by the replacement of one liquid for’ 
another. They point to the important fact that a part of the water in clay-- 
water systems should be considered rather a part of the soil particles than a) 
part of the pore fluid. | 

The consequence of the important work of Micuaets and Lin is that presence: 
of water in a clay-water system (1) influences the mutual arrangement of the: 
mineral grains and (2) changes them from being rigid silicate sheets into a new 
type of particles with immobilized hydrogen and oxygen atoms in a more or 
less rigid arrangement. A “clay-water’ particle differs from a dry clay mineral 
because of the thin adsorbed water envelope. The isotope exchange experiments 
carried out at the Norwegian Geotechnical Institute confirm this opinion, and 
we have many reasons to regard the minerals in a clay-water system as thin 
plates where the external part has a decreasing yield value and modulus of 
elasticity. In mixtures of clay minerals with non-polar liquids, or when the 
minerals are dried, the plates must be considered somewhat thinner, but with 
uniform modulus of elasticity, even in their outermost parts. It seems obvious 
that systems of so different a character must behave different on remoulding 
and consolidation and give different structures even at the same void ratio. 

It is a well known fact that the macroscopic shear strength and elasticity 
modulus of clay-water systems increase by drying. At the same time we will have 
noticeable decrease in volume. In order to investigate the influence of the 
volume decrease upon the shear strength, we have tried to freeze dry un- 
disturbed clay samples. When such samples are quickly frozen by immersing 
them into liquid air, there will be negligible or no movement of the liquid phase 
during the process of freezing. Subsequently the ice can be sublimed off at 
temperatures well below the freezing point. The frozen clays are placed in a 
vacuum above a drying agent as for instance phosphorus pentoxide. If a clay is 
treated in this way, we well notice several interesting features; first that the 
increase in volume due to freezing is less than what should be expected from 
the difference in volume between the water content in the liquid state and in the 
ice state; secondly that there is no change in volume during drying; thirdly we 
find that the shear strength and modulus of elasticity is much less in the freeze 
dried clays than in the normally dried clays. In fact the freeze dried clays do 
not seem to differ very much from the wet clays in their strength values. How- 
ever, they behave as very brittle materials with a negligible deformation at 
failure and not as a plastic material. The mutual mineral arrangement in the 
freeze dried clays was examined by electron-microscope methods, and we regard 
this arrangement as very close to the mineral arrangement in the undisturbed 
natural clays (see Fig. 4—5). The importance of this point will be taken up 
later. 

Anyhow, the freeze dried clay behaves as a material very different from a 
sample of dry clay powder compacted to the same volume on the one hand 
and a normally dried clay on the other. In the first case, we have no tensile 
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strength, in the second case we have a rather high one. Following up this line, 
we may replace the air in the freeze dried clays by a non-polar liquid as carbon- 
etrachloride. This may easily be done without any harm to the clay sample. 
The dried clay does not fall apart and the strength values remain very much 
the same. If the freeze dried clays are put into water, they will at once 
lisintegrate in the same way as a normally dried clay. If a clay with the voids 
filled with carbontetrachloride is brought in water, we will have a similar 
lisintegration and carbontetrachloride is ejected from the clay surface in small 
droplets. This shows that the wetting of the minerals must involve a con- 
siderable loss of energy, probably due to the formation of adsorbed water films 
wround each mineral. 

Some objections may be raised against the experiments described, mainly 
secause of the fact that the freezing process involved a slight expansion, which 
may tear the single minerals somewhat apart. However, we may replace the 
water of a clay be replacement reactions similar to what was done by MicHaeELs 
and Liv. If a natural undisturbed clay is percolated by alcohol ending up at 
100 % concentration, we may remove all the water which normally is con- 
sidered as pore water and most of the adsorbed water. The system thus obtained 
sehaves as a plastic material even though the plasticity is less pronounced than 
in the water system. This is similar to what was found by V. M. GoipscumiptT 
xn remoulded mixtures obtained from dry clay powder and alcohol. The alco- 
nolic soil has shear strength properties similar to aqueous soils. Subsequent to 
the percolation, with absolute alcohol, we may bring in a non-polar liquid as 
sarbontetrachloride and we may replace all the alcohol in this way. Even this 
system has a considerable tensile strength, but has now lost all the plastic 
sehaviour and seems to be very similar to the system of minerals and carbon- 
etrachloride obtained by filling the freeze dried samples. 

All the different findings in undisturbed and remoulded clays with a liquid 
shase being either alcohol or aqueous solutions or a non-polar liquid as carbon- 
etrachloride illustrate the importance of the liquid is of a polar character. The 
ensile or crushing strength of clays seems, however, not to be fundamentally 
lifferent in the cases when the liquid is of a polar or a non-polar character, or 
hen the liquid is entirely lacking as in the case of the freeze dried clays, which 
‘olely consist of solids and gases. It seems as if the friction theory of BowpDEN 
und co-workers may fit in with this system of observations. The clays differ 
rom the typical frictional soils in the case of the plasticity, mouldability and 
-ohesion. At the same time we find frictional properties not very much different 
rom those of sand with open structures. It seems as if the clays as well as the 
spen layered sands represent systems where we may disregard the dilatant 
component of friction. Sand of open structure will obtain a high shearing 
esistance by high effective normal pressures just in the same way as a dense 
and. When the pressure is released, however, the sands will lose their strength 
ntirely. In the case of clays we know that the shear strength is a function of 
he consolidation pressure, but that a great part is maintained even when the 
ample is unloaded and the effective stresses are brought down to zero. This 
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strength is what we call the cohesion. The difference between the clay minerals: 
and the minerals of the sands is primarily that the clay minerals have a surface: 
with a layer of fixed adsorbed water. This is not the case to the same extent: 
with the minerals of the sands. The adsorbed water of the clay minerals has: 
energy properties corresponding to those of a crystalline phase. Thus the in- 
nermost water molecules nearest to the mineral surface are to be regarded asi 
a continuation of the mineral itself. This aqueous part of the mineral is, how- 
ever, different from the other bricks of the mineral lattice because of the high 
mobility, as was demonstrated by the protium-deuterium exchange experi- 
ments. The clay minerals in water must thus be regarded as particles of a very 
peculiar nature. The innermost part is rigid, whereas the outer layers are soft 
and the atom groups of the surface can easily interdiffuse. 

When any two minerals are brought close to each other, bonds of adhesion 
between the grains will arise, independent of whether water is present or not. 
(The influence of the water is quantitative and not qualitative. By a given dis- 
tance, attraction depends upon the dielectricity constant of the medium in which 
they float.) Supposing that the two minerals which are brought in contact are 
of the normal rockforming type as quartz, elastic stresses will arise in the areas 
around the points of contact, and when the external stresses are released, these 
elastic forces will tend to separate the minerals again. If, on the other hand, 
the minerals in question belong to the clay mineral group, they will, in an 
aqueous system, be surrounded by a layer of adsorbed water. When such miner- 
als are pressed together, the outermost layer of the mineral (the water film) 
will yield plastically and no or low elastic stresses will arise at the areas of 
contact. For this reason a subsequent release of the pressure will not bring the 
minerals totally apart, and they will even in the unloaded state stick together 
because of the adhesional forces. By dry minerals or with minerals immersed in 
liquids which cannot be sufficiently adsorbed, deformations will involve elastic 
stresses in the areas of contact and the material will behave as a pure frictional 
system independent of whether the minerals are quartz or montmorillonite. 
The adhesional forces in clay-water systems are mainly of a Van der Waals 
nature, perhaps also of inoic and covalent character. They depend on the 
mutual distances between the minerals and the surface cations adsorbed upor 
them. The cohesion in a clay sample may be regarded as the integral adhesion 
A model analogous to the cohesional and frictional properties of clay could be 
obtained from steel balls and a fine cover of a ductile metal like indium. Thi 
thickness of this plating must be very thin, of the order of magnitude 10 A, ane 
evenly distributed. J. S. McFartane and D. Tazor (Proc. Roy. Soc. A 202, 244 
1950) have shown that when a clean, hard metal ball is pressed into an indiun 
surface, we will obtain a permanent adhesion due to electronic bonds and th 
tension necessary to break the bonds is of the same order as the normal stres 
which brought the surfaces together. In the model outlined above, the stee 
balls represent the clay minerals with the adsorbed ions and the adhesiona 
forces should mainly be due to the atoms in the steel, whereas the idea of th 
indium film is to yield and prevent elastic stresses in the areas of contact. (Th 
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model is not quite a good one as the electronic bonds in the model differ very 
much in nature from the Van der Waals bonds in the clays. ) 

The consequence of the colloidal chemical view was that the cohesion of 
soils in addition to the secondary cementation is mainly caused by weak bonds 
between adjacent minerals. This part of the cohesion is therefore related to the 
non-dilatant friction and will depend on the number of bonding atoms acting 
between adjacent minerals and their mutual distance. With clay sediments of 
given grain distribution curve with a given shape of the grains and a given 
void ratio, we may have many different distributions of the distances between 
any two minerals. The variation depends on the mutual arrangement of the 
minerals. Provided a complete haphazard arrangement of the minerals, there 
will be one given distribution curve characterizing the distances between the 
atoms of adjacent grains. Under such circumstances we will have a given 
integral Van der Waal attraction and a given electrostatic ionic attraction and 
a given Coulomb repulsion between a single grain on one side of a supposed 
shear plane and the neighbouring grains on the other side of this plane. Hence 
the adhesion which is supposed to be the sum of all attractive and repulsive 
forces will depend as well on the mutual arrangement of the mineral grains as 
on the nature of the grains. The arrangement of the minerals by a given void 
ratio is a function of the stress history. 

Supposing that the water content of the clay/water system is changed, we 
will, at the same time, introduce a change in the distances between the grains 
_and the integral attractive and repulsive forces will change. The cohesion term 
will hence depend on the void ratio, which with saturated soils means the 
water content. In this case it was supposed that the mineral grains continue to 
be distributed hazardly without any preferred orientation. We may on the other 
hand keep the void ratio (the water content) constant and alter the mutual 
orientation of the grains. The distance distribution function will then change 
accordingly. We know that it is the short distances, mainly the distances shorter 
than 15 A, which are of importance. At greater distances the Van der Waal 
forces will decrease rapidly and even turn into repulsive forces. Therefore, it is 
obvious that the mutual orientation of the grains will have an important 
bearing upon the bonds between the single minerals. Let us suppose that with 
exactly the same minerals and exactly the same water content but with a very 
much different orientation of the grains the distance distribution function may 
be as illustrated in Fig. 9. 

As mentioned in an earlier chapter, we have now been able to ascertain the 
orientation of the minerals in the clay sediments. The stereoscopic pictures show 
a certain degree of sub-parallelism in the horizontal plane, but mainly hap- 
hazard orientation, so that contacts between the corner of one mineral and the 
plane of another predominate. This is a natural consequence of the formation 
of the sediment. ; 

Regarding numerous normal non-swelling clay minerals in a suspension where 
all minerals are far apart and uninfluenced by each others, there will be a 
bility that two neighbouring minerals are orientated so that 


very high possi 


| 
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Fig. 9. Schematic illustration of 
the atomic distance distributions 
in a clay at constant water con- 
tent in two different orientations 
of the minerals, i.e. by two dif- 
ferent stress histories. The cross- 
Log D hedged areas represent the atoms 
Distance between atoms in neighbouring minerals involved in the attraction. 


Number of atoms per unit area 


the corner of one mineral is nearest to a plane of another mineral. All other 
orientation, as for instance that an edge of one mineral should be parallel to 
the plane of another, or that two planes should be parallel, may be disregarded. 
If we suppose that the volume decreases regularly, i.e. that we are bringing the 
minerals closer together without changing their orientation, we will at last 
arrive at a point where the atoms of the corner of one mineral will affect the 
atoms of the plane of another mineral. Thus, a bond will be created and further 
decrease in the volume must take place by an angular deformation between the 
minerals. This mutual deformation may eventually continue until the edge of 
one mineral and the plane of the other are in contact, eventually so far that 
the two planes become parallel. If we had no other orientating forces than the 
purely mechanical one, the probability for the first case would be definitely 
much higher than the probability for the second case at a given void ratio. 

If we only look upon the original case, viz. grains where all contacts are 
restricted to corners and planes, it is obvious that mathematically the contact 
area through a cross section will be equal to zero, as a corner is supposed to be 
Q-dimensional. Even when we have contacts between an edge and a plane, the 
contact area must be supposed to be zero, as the edges are supposed to be one- 
dimensional. Mathematically it will, therefore, not be possible to speak about 
any area of contact in such a system without giving the corners and the edges a 
certain area. As long as we are dealing with mass forces, it is obvious that we 
have to take such an assumption because the Van der Waal forces are acting 
over a certain distance and we, therefore, have to take a certain depth into ac- 
count. Looking upon a corner of a mineral as a pyramid, it will be justified to 
speak about a “contact area” and set this area equal to a cross section through 
the pyramid at a distance from the point corresponding to the effective average 
distances to the atoms which are active in the Van der Waal attraction be- 
tween the pyramid and the plane. As the Van der Waal forces are decreasing 
at a high power of the distance, it will mainly be the atoms in the point of the 
pyramid which will cause the attraction, whereas atoms in a distance in above 
10—15 A will only involve an insignificant attraction. For the sake of argu- 
ment, we may, therefore, assume that the contact area between a corner andes 


Bd 80 H. 4] SOIL WATER SYSTEMS 455 


plane will be of the order 10—100 A2 for each point of contact. When dealing 
with an edge and a plane, we have to take an effective plane through the wedge 
into account and the area would consequently be of the order 3—10 A times 
the length of the contact. The shear strength of a sediment bonded solely by 
Van der Waals forces and ionic bonds etc. but with no cementation will be 
proportional to the number of contacts per unit volume in the 2/3 power. If 
all minerals are forming 3 contacts, this means that the shear strength of a clay 
paste should be proportional to the number of clay mineral grains per unit area. 
100 


As the volume of the mineral phase in a unit volume ————- and the 
100 + GW 
volume of the median mineral = (dv med.)*. The number of contacts per unit 


: 300 
area is 7 \/ Here (dv med) means the median value of 


(dv med)? \100 + GW 


the volume diameter 


G means the specific gravity of the clay mineral 
W means the water content. 


The result thus obtained is approximately the same which may be calculated 
directly from a knowledge of the size and shape of the minerals. Under such 
conditions we may calculate the area of contact through a cross section of 1 
em* in a clay and a thickness equal to the edge length of the clay minerals. 
Approximately the median dimensions of the minerals in the Norwegian clays 
ee cm <0 cm K 10 * em = 10 cm*, ie. dv = 107° cm, Supposing 
three points of contact for each grain and the contact area for each point be- 
tween 10° —10-™ cm? = 10—100 A? we thus arrive at the conclusion that 
we have between 10-4 and 10° cm? contact planes in a slice of 1 cm? and the 
thickness of 10° cm, equal to the volume diameter of a clay mineral. Conse- 
quently, if the whole shear strength of the soil should be due to the adhesional 
forces in these points of contact, the shear strength in the contact area must be 
10# to 10° x greater than the shear strength in the clay as a bulk. As an average 
value we arrive at about 1—10 tons/cm?, which is the same order of magnitude 
as the crushing strength of rockforming minerals. However, the strength of the 
bonds are so poorly defined that it does not seem to have any sense at present 
to carry on further detailed calculations on this point. It is sufficient that the 
values arrived at are not completely non-sensial. 

The shear strength of sediments will, according to the view presented in this 
paper, be a function of the area of contacts along a shear plane, independent 
of how this contact area originated. There will be no fundamental difference 
between the friction and the cohesion. The difference in behaviour of a clay 
from that of a sand deposit must be due to the special properties of the clay- 
water system which permit the areas of contact to remain nearly unchanged by 
unloading. What is normally called cohesion in soil mechanics means simply 
the shear strength intersect in a stress|shear strength diagram. Thus, a normally 
consolidated clay has a shear strength intersect equal to zero, whereas an over- 
consolidated clay may have a considerable shear strength intersect. It seems 
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unreasonable that the cohesion should arise simply by unloading, as this is a 
consequence of the vulgar concept. As long as no cementation takes place, the 
shear strength intersect of an unloaded clay according to the presented view 
will be simply due to the deformability of the aqueous part of the clay minerals. 


Summary 


The heat of wetting, the diffusibility of hydrogen and isotopic protium, deuterium ex- 
change, indicate that a part of the water in a clay-water system should be considered 
as belonging to the mineral phase. The minerals thus consist of a central silicate 
skeleton with an outher part of aqueous composition. The presence of this outer part 
is the essential characteristic of the mineral phase in a clay-water system. The typical 
clay properties as cohesion and plasticity is discussed as a consequence of such minerals. 
The Bowden friction theory is supposed to be valid in clay-water systems. 
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Abstract. The rate of formation of mullite has been studied for three different kaolir 
clays. Two of these contained appreciable amounts of mica as bimineral. The mice 
present influences and increases the rate of mullite formation. The experimental date 
show that the formation of the mullite phase at 1 100—1 200° C is not a recrystalliza- 
tion. It is shown that after the exothermic effect at 950° C, and before the formatior 
of the mullite phase as revealed by X-ray diffraction, not less than 80 per cent of the 
total available Al,O3 is present as y-AlpO3. Thus no mullite phase, either totally ox 
partially, can be formed in the strongly exothermic reaction at 950° C. 

The kinetic course is treated in two different ways. The first method presumes that 
the rate limiting step is diffusion-controlled. The course is represented by an empirical 
time function and a characteristic time constant defined as 50 per cent conversion 
time. The temperature dependence of the later time constant is given by an Arrhenius 
relation with an activation energy of 200 kcal/mole. The second method does not 
correspond to any reaction mechanism but shows that the course can be satisfactorily 
described as a first order reaction if the concentration variable is suitably chosen. 


Purpose 


The purpose of this investigation was to obtain experimental data on the 
rate of formation of the mullite phase in some kaolin minerals used in the 
ceramic work going on in this division. It was also desirable that these data 
would be ample enough to permit a treatment to see if the kinetic course could 
be simply expressed. 


Introduction 


By heating kaolin, the chemically bound water is lost at 500—600° C. Meta 
kaolin, whose structure has not yet been elucidated, is then obtained. Further 
heating will result in a strongly exothermic reaction between 900—1 000° G 
Full clarity as to the nature of this reaction has not yet been attained. Various 
suggestions on the interpretation of this exothermic effect have been made, bu 
without any certainty. y-Al,O3 appears in the interval 900—1 000° CG, ane 
mullite may be detected at temperatures above 1 000° C. Cristobalite is formec 
at slightly higher temperatures. 


* Lecture given in The Swedish Society for Clay Research on May 5th 1958, 
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A large number of investigations on the formation of metakaolin and the 
Rature of the strongly exothermic effect has been carried out and published in 
the literature. The author will only outline three different reactions which have 
been suggested and are now discussed in connection with the formation of 
mullite.t For more details, the reader will be referred to the excellent literature 
reviews given by Hotpripce and VAUGHAN (1957), Errer (1954), Grim (1953) 
and RicHarpson (1951). | 

Instey and Ewer (1935), as well as R1cHARDSON (1951), attribute the exo- 
thermic effect at 950° C, in the DTA-diagram, to a crystallization of y-AlsO3 
from amorphous aluminium oxide present in the kaolin. Mullite is then formed 
oy reaction at higher temperatures between y-AlO; and the amorphous SiOs. 


900—1 000° C: Al,O; -2SiO0, — y-Al,O; + SiO, (amorphous) 
metakaolin 

1 O00: y-Al,O3 + SiO, (amorphous) —> 3Al,O, - 2SiO, 
SiO, (amorphous) — SiO, (cristobalite) 


On the other hand, Grass (1954) considers mullite to be formed in two steps, 
and the energy evolved at 950° C mainly related to the formation of a primary 
mullite phase. 


I50—980° C:  Al,O; - 2SiO, —> 3Al,O;-2SiO, + y-Al,O; + SiO, (amorphous) 
metakaolin primary mullite 

| 200—1 250° C: y-Al,O3;+ SiO, (amorphous)—>3Al,O; - 2SiO, + SiO, (amorphous) 

ye40—I 350° C: SiO, (amorphous) —> SiO, (cristobalite) 


According to Grass, the amount and size of the primary mullite phase will 
depend on the degree of crystallization of kaolinite, and on impurities as- 
sociated with the clay. The largest amount of primary mullite will be obtained 
rom a well crystallized kaolinite free from intergrown mica. 

Comeroro, Fiscuer and Brapiey (1948), consider mullite to be formed 
during the exothermic reaction at 950° C by a rearrangement of the lattice. 
Even Jouns (1953), and Roy, Roy and Francis (1955) state that the exo- 
thermic reaction at 950° C is connected with the formation of mullite. 

According to them, the mullite phase formed in the reaction at 950° C can- 
not be detected by X-ray diffraction because of the very small size of the 
srystals. Further heating at higher temperatures causes the mullite crystals to 
srow and recrystallize and thus to become large enough to give X-ray diffrac- 
ion peaks. Consequently they interprete the often observed presence of y-Al2Oz 
1s incidental and not as a primary step in the reaction series. 

950—1 000° C: Al,O;-2SiO, —> 3Al,O; -2SiO, + SiO, (amorphous) 
1 000° CG —: _ recrystallization of the mullite phase 
SiO, (amorphous) — SiO, (cristobalite) 


We shall not, at this stage, attempt to decide which of these theories on the 
‘ormation of mullite is the right one. We will only establish that the mullite 
After this article was written, Brindley and Nakahira have suggested still another reac- 
on mechanism involving a silicon spinel, see Nature 181 (1958). May 10, p 1333. 
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phase in any case cannot be formed before the strongly exothermic reaction 
at 900—1 000° C. 

I cannot, however, avoid emphasizing the two following reasons for the lack 
of clarity of the high temperature reactions of kaolinite. Within large tempera-. 
ture intervals, it is a matter of phase kinetics rather than one of equilibrium, 
and for that reason it is not sufficient to give the heating temperature only as 
done in most investigations. Furthermore, most studies of these reactions give 
only qualitative information regarding the presence of crystalline phases without 
any attention being paid to quantitative determinations of the phases present. 

Investigations in the course of which mullite has been quantitatively deter- 
mined, may be divided into two groups depending on the method of analysis. 
The larger of these two groups, which may be represented by Brey (1925), 
Mireur (1928), Yosntoxa (1933), PARMELEE-and Ropricusrz (1942), AvcusTINIK 
and Usuaxova (1945), Bupnrkov and SumuKter (1946), Demrpova and Gon- 
cHarov (1951), and Hansson (1955), has used different variants of a chemical 
method. The common principle of these methods is based on the different rates 
of dissolution of the phases in hydrofluoric acid, so that mullite will be deter- 
mined as insoluble residue using or not using a correction factor for the dissolved 
part of the mullite phase. Characteristic for this group of investigations is the 
conception that mullite begins to form at 1 100—1 200° C, but that further 
heating, to temperatures as high as 1 500° C, is required for complete forma- 
tion of the mullite phase. As stated before (Lunpin 1955), because of the very 
small size of the crystallite in the mullite phase and the varying size of the 
crystals due to different heating conditions, the chemical methods give mis- 
leading results as to the amount of mullite formed. Therefore we must conclude 
that the investigations using these chemical methods are of little value for the 
estimation of the rate of formation of mullite. 

The other but smaller group includes investigations where X-rays have been 
used for the quantitative determination of mullite. Already in 1925 Navias 
determined the amount of mullite in Al-kaolin fired to cone 9 ¥ (max. temp. 
1 255° C with a heating rate of 100° Cjhr) ; his results were of the same order 
of magnitude as the theoretically possible maximae. Unfortunately X-ray dif- 
fraction was used later on almost exclusively for qualitative purposes. Occa- 
sional quantitative determinations of mullite in fired kaolins, were performed 
by Harvey and Bircn (1936), and Turrte and Coox (1949). They obtained 
mullite percentages of about 50 % after only a few hours firing at 1 200° C. 
The mullite content did not increase further when the firing temperature was 
raised. 

A third method can be used in studying the formation of mullite, but not 
enough attention has yet been paid to it. This is the differential thermal analy- 
sis. ‘he reason for this is the tendency to take differential thermal curves only 
for temperatures below 1 100° C. In the case of kaolin clays one or two exo- 
thermic peaks are obtained above 1 000° CG. The first one appears at 1 150— 
} 250° C and is connected with the formation of the mullite phase (PoTAPENKO 
1934, Bupnrxov and Geworxyan 1951, Grass 1954, Hotpripce and VAUGHAN 
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1957). The second peak occurs at slightly higher temperatures and refers to 
the crystallization of cristobalite (Giass 1954). The differential thermal analy- 
sis is thus a fast method for getting information about the temperature interval 
of the mullite formation, but this information is not so easy to apply to other 
firing conditions. 

The only investigations of kinetic character are those of BUDNIKOV (1953 
He investigated the rate of formation of mullite in a Prossnajkowsk-kaolin, 
among others, and found that the reaction was of the first order, and that the 
ratio of the reaction rates was approximately 3 for an increase in temperature 
from 1 200° C to 1 300° GC. A calculation shows that this corresponds to an 
activation energy of about 50 kcal./mole. Budnikov’s investigation may be 
criticized by calling attention to the fact that the mullite content was determined 
by the chemical method, his results therefore being doubtful. Moreover it is 
worth mentioning an earlier investigation by Bupnikov and SHmMuKLER (1946), 
where they represented within a relatively small interval the time dependence 
with an empirical equation familiar to all ceramists, i.e. 


m =alogt +b 


What Remains to Be Elucidated? 


Of interest is to study how the degree of crystallinity of kaolinite, and the 
nature and amount of the biminerals influence the rate of formation, the 
equilibrium value and the crystal size of the mullite phase in first hand but 
also of the cristobalite phase. 

As for the reaction during which mullite is formed, the nature of the reaction 
components and the mechanism of the rate-determining step are still unknown. 
Information concerning the time function and the magnitude of the activation 
energy are desirable. 

Further studies on the position of the mullite crystals, relatively to the original 
kaolinite crystals are also desirable. In the literature there are different opinions 
and contradictory experimental observations as to a possible orientation of the 
mullite crystals. 

The experimental work described in the following pages, will elucidate some 
of these points. 


Description of Raw Materials 


Three kaolin clays have been used by the author in his investigation 


1) Al-kaolin 54 
2) Al-kaolin 56 L 
3) Hydrite PD 10 


Their chemical compositions are given in Table 1, their X-ray diffraction diagrams 


in Fig. 1, and their particle-size distribution curves in Fig. 2. 
BD Alaclin 54 is i English China Clay supplied by the English China Clays Sales 
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So, St Austell, Cornwall. The kaolinite present is well crystallized as shown by the 
ficlinic X-ray diffraction diagram and by well formed crystals observed with the 
Jectron microscope. On the other hand it contains both quartz and mica as biminerals. 
[he amount of quartz was determined by X-ray diffraction as 2.2 + 0.2 %. The 
mount of mica calculated as muscovite from the alkali content is 14 %. 

Al-kaolin 56 L is the < 2 w fraction from Al-kaolin 54, obtained by a fractional 
edimentation carried out by the author. This fractionation causes the amount. of 
mineral to decrease. Quartz could not be detected in this clay by X-ray diffraction. 
[he mica content calculated in the same way as above is 7 %. 

Hydrite PD 10 is a treated American kaolin obtained from the Georgia Kaolin Co, 
‘lizabeth, N. J. X-ray diffraction shows that the kaolinite present is well crystallized. 
This kaolin clay is very pure, with no other bimineral detectable by X-ray diffraction 
yut anatase. The anatase content is estimated from the chemical analysis to be 1.4 %. 
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Table 1. Chemical analyses of the kaolins 


a nn nn ne UE [IUIEIIEESEEESSSSSSEee 


1 2 3 
Al-kaolin 54 Al-kaolin 56 L Hydrite PD 10 
% % % 

LO Deon canis omer en Sa sep 47.72 46.1 45.30 
TiO, ach dye dnid ore eeceh ore CNET: 0.05 0.2 1.44 
ISOS cya ite iomietces Magee Pe oterne 36.44 38.5 38.38 
Peo Os.acin soe ca ee eee 0.44 0.5 0.30 | 
FO@ ipo Sad craton ee regener ete 0.11 — = 
MgO “is sts, pene Ronycht per tage ae 0.26 0.2 0.25 | 
Ga! Couse aea yee acres or hinetotageas 0.13 0.3 0.05 
NagO! Gocc- eye ata eee 0.13 0.03 0°27 
KeO! ace daee nd oan re rae 1:49 0.8 0-04 
Ten. loss. te eters 13:19 13.4 87) | 

Total 99.96 100.0 100.0 

Analysis 1 performed by A. Aaremde, Geological Survey of Sweden 
Analysis 2 from O. Frismark, AB Ifé6verken 
Analysis 3 from Georgia Kaolin Co. 
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Pretreatment of the Material and Firing of the Samples 


The kaolins were mixed with water until a proper plasticity was reached, homogeni 
zed, and moulded in a vacuum piston extruder into a column which was then cut int 
cylinders of appropriate lengths. In the case of Al-kaolin 56 L, the samples were 30 mn 
long and 20 mm in diameter. As for Hydrite PD 10 the material supply was short am 
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the samples had to be smaller, 30 mm long and 10 mm in diameter. The samples 
were dried and prefired at 600° C for one hour, to dehydrate the kaolinite. 

The samples were fired in a kiln specially built to give a uniform temperature 
throughout the firing chamber. The kiln was equipped with silicon carbide heating 
elements. The temperature was regulated with a Wheelco Capacitrol regulator with 
thermal resetting. The temperature was measured in a circuit separated from the 
regulator with a platinum-platinumrhodium thermocouple with the cold junction in 
melting ice. The thermocouple was checked by the wire method against the melting 
point of gold; a temperature of 1 062° C was obtained. The 1° deviation is within the 
experimental error and no temperature correction was required. The accuracy of the 
temperature regulation was + 2° C. 

The time necessary to heat a larger sized sample from room temperature to 1 100° C 
was determined as follows. A hole was drilled in the clay sample for insertion of the 
thermocouple hot junction. The sample was placed in the kiln and the temperature 
was followed on a continuous recorder connected to the thermocouple. The temperature 
was raised to within 2° of full temperature in 10 minutes; no overtemperature was 
observed. 

To reduce the time required to heat up to full temperature, the samples were 
preheated for 10 minutes in a separate kiln at 800° C, before they were placed in the 
firing kiln. The sample was placed close to the thermocouple junction. The time 
required for the thermocouple junction to regain the full temperature was 2—3 
minutes. The firing time was taken from the time when the thermocouple junction 
reached firing temperature. In the experiments the firing temperatures were selected 
to give relatively low reaction rates in order to minimize the influence of the heat of 
the mullite formation and of the discussed heating up time. 

When the firing was completed, the samples were taken out and left to cool in the 
air. They were then crushed in a steel mortar and finely ground in a mechanical agate 
‘mortar. 


Description of the Mullite Analysis 


The X-ray diffraction analysis of the mullite percentage was made as relative meas- 
urements by the internal standard method using calcium fluoride as a reference sub- 
stance. 

The measurements were made on a Philips X-ray Diffractometer PW 1051. The 
copper radiation was used with a Ni-filter (40 kV 20 mA). The diffraction diagram 
was recorded automatically, and all measurements were made from these recordings. 

The strong double interference [120 + 210] at 26.1° (Fig. 3) was used as measure- 
ment interference for the mullite. In a previous investigation (Lunprn 1955), the weaker 
interferences [220] at 33.2° and [112] at 35.2° were used. However, these weak inter- 
ferences are not suitable in a kinetic study such as this, where reliable determinations 
are required of low mullite percentages. For Al-kaolin 54 which contained quartz, the 
‘measurement interference of mullite, at 26.1°, partly overlapped the quartz inter- 
ference at 26.7°. Knowing the appearance of the mullite peak in the quartz-free Al- 
kaolin 56 L, there was no great difficulty in determining the interference contribution 
of the quartz. The peak due to anatase, at 25.3°, which was present in the Hydrite a 
10 preparation, did not disturb as it could easily be separated. y-Aluminium oxide an 
cristobalite could also be present in the samples in addition to mullite. Neither of these 
compounds has interferences which disturb the selected measurement interferences of 
mullite or calcium fluoride (3.15 A at 28.3°). It should be pointed out that in this ar 
cristobalite gave no detectable interference a 3.14 " ae sae presence of corundum 

1 e strong and free interference 2.08 A at 49.37. 
“F be ean whe Meaitene were measured five times with different aes 
tions (Table 2). The intensities of the interferences were evaluated by measuring the 
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Table 2. Determination of mullite by X-ray diffraction analysis. 
Sample: Hydrite PD 10 fired 18 hrs at 1200° C 


i 


Fluorite Mullite [120,210] 
3.15 A 283° 26.1 
Counts Counts 
5 960 14 240 
5 890 14 270 
6 000 14 600 
5 850 14 160 
5 590 14 100 
Intensitysrations ss. ere oe ee 2.39 
2.42 
2.43 
2.42 
252: 
Meanie eo ee oe eee 2.436 
RANGE): State Soke Shee ee eee 0.13 
Standards deviation: 9.0.4 ..5. 54s 0.056 
Mullitescontente ss oan eee 52.8 % 
Standard deviation .......... ere ye 


areas of the peaks planimetrically. The planimeter scale was set to give a direct, 
reading of the number of integrated impulses. The standard deviation for planimetric 
measurement of an area of 14,000 impulses, was determined from a series of 10 
readings as 20 impulses, i.e. 0.14 %. The error introduced by using the planimetric 
method for evaluating the peak area thus makes only an insignificant contribution to 
the total standard deviation within each group of measurements. 
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Fig. 4. Mullite calibration curve 
for the X-ray diffraction analyses. 
‘The equation of the regression line 
is y = 21.55 x where y» is the 
mullite percentage and x is the 
intensity ratio. The 95 % con- 
fidence range on the slope is 
+ 0. 


Fig. 5. The mullite percentage as a function of the 
firing time at different temperatures for Hydrite PD 10, 
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Table 3. Determination of mullite by X-ray diffraction analysis. 
Standard sample data for calibration curve 


Interferences used: 


Mullite 3.42 A [120] + 3.38 A [210] at 26° 20 
Fluorite 3.15 A at 28.25° 20 


a 


Mullite 9% | Intensity ratio | S.d. 

Oi pak | 0.45 0.02 
5 ee 0.93 0.05 
oe 1.30 0.04 
ST one pe ae 1.79 0.06 
Pere Garin ane 2.96 0.03 
SRO Ee 2.74 0.10 


The mullite used in the calibration mixtures was prepared from an_ insulator 
porcelain, by treating 8.0 g of finely ground porcelain with 40 % hydrofluoric acid at 
0° C, for six hours. 

The mullite was not absolutely pure containing some quartz. The quartz content, 
determined by X-ray diffraction analysis, was_2.5 + 0.3. The mullite content was thus 
put to 97.5 %. 

Feldspar glass was used as diluting component in the calibration mixtures. The glass 
was prepared by melting Hestra potassium feldspar in a high frequency furnace at ca 
1500° C, for 60 minutes. X-ray diffraction showed that only traces of quartz were 
present. Calcium fluoride, precipitated and recrystallized at 700° C for 20 minutes, 
was added as reference material in the proportion of 10 %. 

. The specimen was prepared by pressing in the powder by hand in a round perspex 
cell. The specimen was rotated in the focusing plane during the measurement. The 
recording data were as follows: 


Diffraction region 29.00—24.00° 20 
Goniometer velocity 0.25° 2@/min 
Paper speed 2 cm/min 

Slits tlhe 

Rate meter 4 

Time constant 8 sec. 

Multiplier 1.0 


Measurements were made with calibration mixtures containing 10, 20, 30, 40, 50 and 
60 % mullite. The results are summarized in Table 3; the calibration curve in Fig. 4 
has been drawn as a straight line. 


Experimental Data 


The analytical results for samples from the different firings are given in 
Tables 4, 5 and 6. The formation of mullite in the different kaolins is shown 
in Fig. 5—7, with the percentage of mullite expressed as a function of the 
fring time. . fe. 

The time functions were determined for 4—5 different temperatures at 25 
intervals. ; 

The differences in the rate of mullite formation for the three raw materials 
are rather large. The rate is lowest for the purest kaolin, Hydrite PD 10, and 
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Table 4. Mullite content in samples of fired Hydrite PD 10 


Temps. c| Time, hrs | Mullite, % | S.d.% | Temp. ° e Time, hrs | Mullite, % |S.d. % 
2h 8.9 0.9 1 200 0.50 18.0 1.4 
es Aa 14.2 1.0 1.00 29.0 0.9 
8.00 20.1 V1 2.00 39.1 13 
18.00 Bom 0.6 4.00 48.8 Lo 
46.00 51.4 2.0 8.00 54.5 133 
18.00 52.8 1,4 
a7 1.00 15.8 0.7 36.00 56.2 1 
2.00 19%7 0.7 
4.00 30.3 1.4 L225 0.50 32.2 12 
8.00 42.2 1.6 1.00 44.0 0.7 
18.00 51.2 RF 2.00 49.9 15 | 
45.00 56.2 2.6 4.00 54.9 1.4 
44.00 55.1 1.6 | 


Table 5. Mullite content in samples of fired Al-kaolin 56 L 


Temp. ° c| Time, hrs | Mullite, % |S. d.-% |Temp. ° | Time, hrs | Mullite, % |S.d.% 
1075 17.00 12.2 1.2 1 150 1.00 27.8 13 
2.00 40.4 21 
1100 2.00 10.9 1.9 4.00 49.5 1.2 
7.00 16.4 0.7 10.00 54.4 2.2 
18.00 24.8 15 
28.00 34.5 1.0 1175 0.50 34.9 1.9 
1.00 48.3 0.9 
1125 1.00 11.3 0.7 2.00 513 15 
2.00 18.7 0.5 
4.00 25.0 2.9 1200 18.00 52.9 0.9 
8.00 35.6 1 
17.00 49.9 1.2 
Table 6. Mullite content in samples of fired Al-kaolin 54 
Temp. ° c| Time, hrs | Mullite, % | S.d. % | Temp. ° | Time, hrs | Mullite, % |S. d. % 
1050 6.00 11.0 1:1 Perey ers 0.7 
24.00 16.2 1.0 1.00 23.8 1.4 
45.00 19.8 0.9 1.50 28.8 21 
2.00 33.1 22 
1075 1.00 10.9 0.5 4.00 413 15 
2.00 12.4 1.4 10.12 48.0 15 
4.00 14.6 1.4 18.00 48.3 1.2 
10.12 19.6 11 
18.00 23.9 0.6 1 200 3.00 49.5 1.9 
42.00 38.1 1.4 9.00 46.7 1.8 
1 100 0.50 12.9 1.8 eet ie ce 
1.00 17:4 0.7 
2.00 20.8 0.7 
3.00 23.3 1.2 
4.00 27.4 0.9 
10.12 38.4 0.6 
18.00 48.3 2.6 
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Fig. 6. The mullite percentage as a Fig. 7. The mullite percentage as a 
function of the firing time at different function of the firing time at different 
temperatures for Al-kaolin 56 L. temperatures for Al-kaolin 54. 


highest for Al-kaolin 54, which had the largest mica content. The temperatures 
required to give 95 % mullite conversion in 60 minutes were: 


Hydrite PD 10 1250 LeG 
Al-kaolin 56 L 1 S0SSG 
Al-kaolin 54 i602 € 


Since in all three kaolins the kaolinite present was well crystallized and well 
formed, it was concluded that the presence of the biminerals had influenced 
and increased the rate of formation of mullite. 

The biminerals present were anatase in the Hydrite PD 10 and quartz and 
mica in the Al-kaolins. 

The anatase was partially dissolved in the temperature interval used for the 
determinations. It is difficult to estimate the extent to which it increases the 
rate of formation, above that for an absolutely pure kaolinite. According to the 
old mullite activator concept given by Parmetee and Ropricuez in 1942, TiOe 
is not a particularly good activator. However, the old activator concept is 
probably not applicable in this case. 

The analyses show that within the 1 050—1 125° C firing interval used for 
the determinations, the quartz present in Al-kaolin 54 is not dissolved to any 
appreciable extent, but instead behaves as an indifferent phase. The X-ray 
diffraction analysis shows that a quite noticeable solution of quartz first occurs, 
when firing at 1 200° C. The reaction rate cannot therefore have been in- 
{fluenced by the presence of quartz. 

The main difference, between the three kaolins, lies in the mica content. 
Hydrite PD 10 contains only very small traces of mica, while Al-kaolin 56 L 
contains 7 %, and Al-kaolin 54, 14 %. The presence of mica must now have 
two different effects. 

In the case where kaolin consists of a mixture of kaolinite and mica it must 
be expected that there will be different rates of formation of mullite for the 
two dehydration products. Since the alkali metal oxides are concentrated in 
the mica anhydrite, it can be expected that mullite will be formed here at a 
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Table 7. Comparison of determined and theoretically calculated mullite content 


Determined Theoretically calculated mullite % 
mullite 
% 1 2 3 


Q 5 Do, 
lebiebote TAD) WMO e.ncocmnannnes 55.8 + 1.0 62.1 oD 

metotea lin 5G I stikie, seer nasnac eee 52.9 + 1.0 61.8 60.2 56.9 
PNEVENN Bee a accbucnoncaosce 48.5 + 1.0 58.5 51.8 


ee ee SS 


1. calculated by assuming that no melt is formed 
2. active RgO0 = K2O + NazO : 
3, active RgO = KoO + NagO + MgO + CaO + FeO (according to Shelton) 
Composition of the melt........ 7.5 % R2O 
10.0 % Al2O3 
82.5 % SiOz 


higher rate, or equivalently expressed, at a lower temperature. It is difficult to 
{ind any clear proof of this assertion out of the literature, but the present author 
thinks it is supported by the results of Sunprus and Bystrom (1953). At the 
same time it should be pointed out that the high temperature phases formed 
{rom mica anhydrite may be quantitatively as well as qualitatively distinguished 
from those formed in kaolinite. However, there was no indication of corundum 
in any of the fired samples of the Al-kaolins. 

The mica phase present appears also to influence the rate of formation of 
mullite in the kaolinite. This is explained by assuming that the alkaline ions 
{rom the mica reaction products, whether in a highly viscous melt or in a solid 
phase, diffuse into the mixture of aluminium oxide and amorphous silica 
obtained from the kaolinite. In this way, the presence of alkaline ions in- 
creases the rate of formation of the mullite phase. It is difficult to say with 
certainty whether the increased rate of crystallization depends on an increase 
in the amount of active melt or on the breaking up of the silica phase to give 
a higher diffusion rate for the reactants. Nevertheless many facts indicate the 
presence of a molten phase, from which the mullite crystallizes. 

According to the old mullite activator concept (PARMELEE and RopricuEZ 
1942), the alkali metal oxides K2O and NasO were inactive and did not affect 
the amount of mullite formed as determined from the residue insoluble in 
hydrofluoric acid. However, this insoluble residue in the chemical determina- 
tion of mullite, might be better regarded as a measure of the recrystallization 
eifect and the crystallite size of the mullite phase than a measure of the mullite 
percentage (Lunpin 1955). 

The mullite percentages in the fired kaolins, after complete conversion of 
mullite at 1 200° C, are given in Table 7. They are compared there with 
theoretical values calculated in different ways. On the one hand there is 
theoretical maximum calculated regardless of the presence of any melt, as was 
done in the older literature, and on the other hand the theoretical maximum 
obtained from Scuarrer and Bowen’s (1947) phase diagram for KsO0 — Als,O3 
— $102. In the latter case, the equivalent amount of RsO was taken firstly as 
KeO + NagO, and secondly as Kx0 + NasO + CaO + MgO + FeO ac- 
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Fig. 8. The growth of the mullite interference [120, 210] from 
samples of Hydrite PD 10 fired at 1 200°C. 


No. Firing time Mullite content 
1 a ee ee ee ae 0.5 hrs 18.0 % 

PS Sama neta cre, Snae ame 1.0 29.0 

SS Grotsichegcg ho CME EL ee 2.0 39.1 

BO TeeS in cae Re 4.0 48.8 

SEO Gia, oS aati ie Cnn ars 8.0 54.5 

eee ar aes ne eR nar ee 36.0 56.2 


27 °28 


cording to the suggestion of Suerron (1948). It should be pointed out that the 
experimental values for the mullite percentages are not determined in a system 
im equilibrium because cristobalite is only partly crystallized. However, the 
miullite percentage is affected very little by the formation of cristobalite. 

There is only a partial and insignificant crystallization of cristobalite during 
the formation of mullite from these three kaolins. The temperature interval for 
the formation of cristobalite is different for each of the three materials and is 
highest for Hydrite PD 10 and lowest for Al-kaolin 56 L. 


Phases Present During the Formation of Mullite 


Phases present during the formation of mullite will be mentioned before 
discussing the kinetics. X-ray diffraction recordings show the presence of 
y-Al2O3 only. There are no indications of any mullite phase being present prior 
to the formation during the reaction of that observed by X-ray diffraction. The 
mullite interference doublet at 26° appears above the background and in- 
creases with only a slight decrease of the half-value width (Fig. 8). If there 
were a continuous recrystallization of a mullite phase already formed, an ex- 
tremely broad interference would first occur. This interference peak would 
then decrease in width, while the intensity (i.e. the interference peak area) 
remained largely unchanged. That is not the case. 

The y-AlO3 phase is present before the mullite begins to form. With these 
kaolins this can be shown by X-ray diffraction diagrams of samples fired at 
1. 000° C for 60 minutes. At higher temperatures, the y-Al,O3 interference are 
more marked because of recrystallization. The y-AlgO3 phase is consumed at 
about the same rate as mullite is formed. However, no quantitative measure- 
ments of this were made. 

The y-Al,O3 content of Hydrite PD 10 fired at 1 050° C for 60 minutes was 
estimated as follows. A y-AlgO3 preparation obtained by heating bayerite 
Al(OH)3 at 700° C for 30 minutes was used for calibration. This 7-AlzOz 
preparation gave the same interference peaks as the y-Al2O3 phase in the fired 
kaolins, without any deviations as to the positions of the peaks or the relative 
mtensities. The half-value width was also about the same size. The interference 
peaks coincided exactly with those given by Rooksby 1951. Magnesium oxide 
as added as reference substance in the proportion of 10 %. The peak at 1.39 
& was used for determining the y-AlzO; and that at 1.49 A for MgO. A 
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calibration mixture with 50 % y-AlzO3 gave an intensity ratio of 3.46, and the 
unknown sample gave 2.44. Linear interpolation gave 35 % y-Al,O3 with a 
95 % confidence range of + 6 %. The total available Al,O3 is 44.6 %, so that 
80 % of the alumina is present as y-Al,O3. The other two kaolins under the 
same firing conditions contained about the same amount of y-Al:Os. 

The course followed by the changes might be: solution of the y-AlzO3 in the 
AleO3 — SiOz — RzO melt followed by crystallization of the mullite from the 
melt. The rate limiting step may thus be either the solution of the y-AlzO3 on 
the precipitation of the mullite. 


Kinetics of the Mullite Formation 


The experimental data given above are sufficient for kinetic evaluation. ‘Two 
approaches are possible. The first involves the determination of the rate 
limiting stage in the reactions and processes taking place. If this is a chemical 
reaction, the order, rate constants and activation energies can be studied and 
measured. If it is a diffusion process a theoretical mathematical analysis can 
be made of a simplified hypothetical model to give a functional relationship 
including diffusion constants. The second way is not concerned with the nature 
of the rate limiting processes but involves the development of satisfactory 
relationships which give the experimental data in a suitable form for practical 
use even though the theoretical background may be uncertain. The second 
approach will be used here. 

The experimental data available will be treated in two ways. The first one 
which starts from the assumption that the rate limiting step is diffusion con- 
trolled has in principle the correct background. This method gives 


1) an empirical relationship, shown graphically, which expresses the de- 
pendence of the mullite formation on concentration and time, 

2) a characteristic rate constant with the dimension of time and 

3) an activation energy which gives the temperature dependence. 


The second treatment is intended to demonstrate that a simple description of 
the course of the reaction can be given although this does not correspond te 
any reaction mechanism. Suitable choice of the concentration variables allows 
the reaction to be expressed satisfactorily as a first order reaction. The latter 
treatment is unjustifiable on a theoretical basis but can be of practical use be- 
cause of its simplicity. It gives 


1) a characteristic rate constant with a dimension of inverse time and 
2) an activation energy. 


Of these two methods of treatment the first one (A below) is probably the 
most suitable from all points of view. It has a sound theoretical basis and at the 
same time allows the applications of very simple calculations. 

In the kinetic treatment it should be noted that the Al-kaolins are mixture: 
of two mineral components, and that the mullite formation therefore can no 
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5 m.,—m ‘ : Fig. 10. i 
Fig. 9. Plot of log (1 against time ba ee ee t 
at different temperatures for Hydrite log | M op Tee (3) 
D 10. for the formation of mullite in kaolinite. 


@ is the 50 % conversion time. 


be treated as a single homogeneous process. It should however be possible to 
treat the Hydrite PD 10 as a homogeneous material. There will therefore be 
differences in the treatment of the data for the homogeneous Hydrite PD 10 
und for the mica-containing Al-kaolins. 


Application of Method A for the Hydrite PD 10 


- 
The rate limiting stage is here regarding as a pure diffusion process. The 
Jependence on concentrations and time can be written 


mo (5 a) 
Ge. 0 
vhere m,, = the mullite percentage of the system when the reaction is com- 
plete: (7 = 50) 
m = the mullite percentage at a time ¢ 
© = acharacteristic time constant 


Since no hypothetical model has been set up for the calculation of the diffu- 
ion process there is no mathematical analytical expression for the function f() 
nd there is no information about the factor composition of the constant 0. 
“or Hydrite PD 10, Fig. 9 shows the relationship 


m een fi) 


nal = si etisys 


\ e.8) / 


or the different temperature levels. The same value of TM, has here been 
sed, as it is clear from the phase diagram that m., is only slightly dependent 
mn the temperature in the interval used. These experimental data allow a 
raphical expression of the function (1) which is given in Fig. 10 in the form 


| 
} 
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Table 8. Calculation of the 50 % conversion time for Hydrite PD 10 


eee 
Mullite |m,—m (5) 22526; 1 200° C L752 11502 @ 

cent |= ae — ———____|——__——_ 
pine Res 8 t (C) t (C) t ) t C) 


Tt eae 82.1 0.28 | 0.09 | 0322] 0.25 | 0.893] 0.67 | 239 235 | 84 
Donen ce 64.2 0.62 | 0.22 | 0.355| 0.56 | 0.903| 1.90 | 3.06 | 7.60 | 12.3 
SO, coe 46.2 119 | 0.44 | 0.370] 1.08 | 0.907} 3.80 | 3.19 113.9 | 11.7 
ne 28.3 230 | 0.80 | 0.348] 2.05 | 0.892] 6.90 | 3.00 |23.5 | 10.2 
oom 10.4 5.00 | 1.80 | 0.360] 4.40 | 0.880|15.5 | 3.10 |41.0 | 82 
dai mee ees Lace 
tin bes © insist the outs 0.351 0.895 2.95 10.2 

Mg — 55.8.%rere (=) ee 6.676 6.789 6.906 7.027 


E = 192 kcal/mole. 95 % confidence range + 29 kcal/mole. 


log = = (5 (2) 


/ 


As long as the structure of the constant O is unknown it may be fixed arbitrari- 
ly. In this case O can be suitably defined as the time required for 50 % con- 
version of mullite at the particular temperature. Other levels could also be 
chosen for this definition but the 50 % conversion was considered best since 
this level is easier to evaluate from differential thermal curves than a level of 
for instance 95 or 99 %. The time constant 0 can now be calculated from ex- 
perimental data by forming for the same m the quotient of the time ¢ required 
at the used temperature to the (t/9) out of Fig. 10. The values given in Table 
8 were obtained for Hydrite PD 10. 

The 50 % conversion time @ is temperature dependent and can be expected 
to obey the Arrhenius relation 


E 
(6) —a-e RT (3) 
where a@ = constant with the dimension of time 


& = an activation energy 


The calculated © values give the activation energy from the slope of the 
straight line which is obtained by plotting log © as a function of (1/T) (Fig 
11). This gives a value of 192 kcal/mole for the activation energy. This value 
is about four times larger than that given by Budnikov, but Budnikov’s low 
values are due to taking the residue after the hydrofluoric acid treatment as 
equivalent to the content of mullite, which is not the case. 

The kinetics for mullite formation in Hydrite PD 10 are covered by the 
function of time given in Fig. 10 and the Arrhenius equation for the rate 
constant given in Fig. 11. 


The time function given in Fig. 10 and the activation energy obtained, 192 
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ig. 11. Plot of log 0 against inverse temperature for the different kaolins. The calculated 
activation energies are given with their 95 % confidence range. 


cal/mole, can be expected to apply for kaolins with not more than 0—3 % 
f biminerals. However, it must be expected that the biminerals always present 
the kaolin clays will give rise to minor changes of the 0-values. The 
inetics are satisfactorily known after a single firing at constant temperature, 
nd the determination of the mullite percentage for the calculation of the 
mnstant a in the equation (3) or after determination of the temperature at 
hich the 50 % mullite conversion time is one hour. In the latter case the 
‘quired temperature should be readily obtained from the temperature read 
om a differential thermal curve for the mullite peak after correction by an 
npirically determined factor dependent on the rate of temperature increase. 


Application of Method A for the Al-Kaolins 


The mica in the kaolins can be expected to affect the form of the time func- 
on when the mica content is as high as it is here, 7 and 14 %. A study of the 
me function for the Al-kaolins shows that mullite formation is somewhat 
ster at the beginning indicating that mullite is formed faster from the mica 
an from the kaolinite. 

The kinetics for the mica and for the kaolinite can be separated starting 
om this point. Mullite formation from the mica is presumed to be largely 
mplete before the mullite formation from the kaolinite. Further the mica is 
esumed to correspond to a mullite contribution of 3 % for Al-kaolin 56 L 
.d 6 % for the Al-kaolin 54. 

Evaluation of the rate constants is shown in Tables 9 and 10. No values have 
en calculated for mullite percentages lower than 18 % because of the possible 
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Table 9. Calculation of the 50 % conversion time for Al-kaolin 56 L 


Mullite jm,—m (5) 1 1752E 11502'CG 1125°C 1 100° Ce 
ce es ea if : | 0 | 4| ety) oer ie Bl eee 
% d | 
18.0 70.0 0.48 0.15 10.312 | 0.46 | 0.96 | 1.98 | 4.13 | 9.10 | 19.0%) 
23.0 60.0 0.72 0.23 | 0.319 | 0.75 | 1.04 | 3.25 | 4.52 |14.3 19.9 
28.0 50.0 1.02 0.31 | 0.304 | 1.00 | 0.98 | 4.80 | 4.71 |20.5 20.1 
33.0 40.0 1.46 0.40 | 0.274 | 1.30 | 0.89 | 6.70 | 4.58 |27.0 18.5 
38.0 30.0 2ek6 0.58 | 0.269 | 1.72 | 0.80 | 8.80 | 4.07 |36.0 16.7 
43.0 20.0 3.14 0.76, 110:242"| 2.35.5 100:75 oy Le 3.63 
ee eS ee ee ee eee 
tin hrs 9 in hrs ..| O09 MV 0.287 0.90 4.27 18.8 
Tig = 52.9 Sanne 1) 104 6.906 7.027 7.153 7.283 
aN oy SS) i ego ar 
E = 223 kcal/mole. 95 % confidence range + 34 kcal/mole. 

Table 10. Calculation of the 50 % conversion time for Al-kaolin 54 
Nee UEEEIEEEEIUEEE EEE enn 
Mullite |m,—m t 252.6 1100°C LO7s"G 1 050°C 

content ie mena (3) ee PEG beac oe peter t owe seas sae) 
m t | (2) t 0 t (C) t iC) 
% 
18.8 | 70.0 | 0.48 0.47 | 0.98. 1.53" ] 3:19") 9:00 "18.7" 1) S805 aces 
23.1 60.0 0.72 OFFA LOF N25 0 eS SAR TES 21.8 
Dies 50.0 1.02 £15 13 2 123:905 | 3.82, 9122.0 23.5 
31.6 40.0 1.46 1.67 | 1.14 | 5.85 | 4.01 434.0 23.3 
oS) 30.0 2.16 2:40" (1119 | 4845) [3.770480 22.2 
40.1 20.0 3.14 3.43 1,09) jE 167 Gah 
1 
tin hrs @ in hrs ..| @0 MV 1.09 3.67 ZO 79 
pie EO een: 1) 10s | 7.153 7.283 7.418 
an gh ADT: 8h hod cue (=) ; = 7.559 
E = 215 kcal/mole. 95 % confidence range + 48 kcal/mole 
Table 11. Comparison of time necessary for 90 % mullite conversion 
Terap..° C | 1 050 | 1075 | 1100 | 1125 | 1 150 | 1175 | 1 200 | 1295 
Edycnites Da) Olea 180 53 16 
Al-kaolin 56 L........ 87/4 31 55°} sasol >t ania 
XIE AON gO 4 tie See ce 430 96 22 5.6 1-5. 


effect of the mica present. The activation energies have been calculated fron 
the temperature dependence of the time constants as 223 kcal/mole for Al 
kaolin and as 215 kcal/mole for Al-kaolin 54. 


Table 11 shows a comparison of the time in hours required for 90 % mullit 
conversion for the different kaolins, 
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Application of Method B for the Hydrite PD 10 


This treatment shows that the formation of mullite can be treated approxi- 
mately as a first order reaction provided that the unprecipitated mullite is 
regarded as the driving force and that the mullite content is calculated not for 
the total system but for the reactive part of the system. It should be emphasized 
again that this treatment does not correspond to any reaction mechanism but 
merely permits a satisfactory expression of the kinetics. 


If 
oars 100 5 
"m= (100 —te=b) Y) 
de. 
Crea, (6) 
where 
b = the percentage of inactive minor constituents 
Cm = the percentage of mullite in the reactive part of the system 
: k = arate constant with the dimension of time ?. 
The limiting condition 
m Oo . 
C= ane for t = 0 gives 
100 —b 
In | Sa (7) 
Mo 


In Fig. 12 log cm is shown as a function of the time for Hydrite PD 10. As 
‘an be seen it fits straight lines rather well. The reaction rate constants k have 
een calculated from the slope of the temperature and the slope of this line 
fives the activation energy as 190 kcal/mole (Fig. 13). 


Fig. 12. Plot of log cm against time at 
different temperatures for Hydrite PD 10. 
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. Fig. 13. Plot of log k against 
inverse temperature for the 
different kaolins. The calculated 
activation energies are given 
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Application of Method B for the Al-Kaolins 


For the mica-containing kaolins also the mullite formation in the kaolin can 
be given approximately as a first order reaction. 

Log cm is plotted again as a function of the time where cm is given by the 
same expression as before but with the limiting condition 


100 


where m, is the mullite percentage corresponding to the amount of mica present. 

Figs. 14 and 13 give the time and temperature relationships for Al-kaolin 
56 L. The linearity is satisfactory. The same is also found with the conditions 
of the Al-kaolin 54 which are given in Figs. 15 and 13. The activation energies 
were determined as 218 and 184 kcal/mole respectively. 
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Fig. 14, Plot of log cm against time at 
different temperatures for Al-kaolin 56 L. 
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Summary 


Experimental data have been given for the rate of formation of mullite in three 
kaolins, one mica-free and two containing mica. These data show that the presence of 
mica increases the rate of formation of mullite in the kaolinite fraction. It is also 
shown that the studied mullite formation is no recrystallization and that before this 
mullite formation most of the available Al,O. is present as y-Al,O3. That means that 
the exothermic reaction at 950° C cannot be explained as a total or partial formation 
of a mullite phase. 

Two different methods are presented for treating the kinetic course. The first and 
better method has a theoretical background and allows a simple and reliable treatment 
of the kinetics using an empirical time function and a characteristical time constant. 
The second method gives the kinetics approximately in terms of a first order reaction. 
The kinetic treatments have been applied to the mica-free kaolin as well as the two 
kaolins containing appreciable amounts of mica. Rate constants and activation energies 
have been calculated. The activation energies for the formation of mullite in the 
kaolinite fractions of different kaolin clays is about 200 kcal/mole. 


Acknowledgment. The author wishes to thank Professor Dr. Otto Stelling, head of the Division 
of Applied Inorganic Chemistry, for his kind interest and advice, and The State Council of Technical 
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Nagra drag ur Kalmaromradets berggrundsgeologi 


Av 


Erik AHMAN 


Abstract: The first part of this paper is a survey description of a window with 
wehaean quartzite and uraliteporphyrite exposed 2 km NE of Kalmar, the former 
ock belonging to the Vestervik series. In the second part is dealt with localities of 
uartzitic sandstone and grey “krdksten”, belonging to the Lower Cambrian and situated 
bout 5 km NE of Kalmar. 


Urbergsfonstret kring Skalléarna 


Genom de sista decenniernas talrika brunnsborrningar har framkommit, att 
en inom Kalmaromradet foga blottade Kalmarsundssandstenen har en mik- 
ighet varierande mellan 20 och 50 m. Stallvis ar maktigheten dock mindre, 
J. a. inom de omraden, dar dess underlag utgoéres av till Vasterviksserien ho- 
unde kvartsit. Denna har salunda bildat héjder inom sandstenens avsattnings- 
mrade. Dar har i vissa fall genom erosionen uppkommit fonster i sandstens- 
icket, och ett av dessa ar belaget kring Skalléarna ca 2 km NO om Kvarnhol- 
en i Kalmar stad. I detta fonster ar pa Norra Skallo blottat en kvartsit, vilken 
mnadmnts tidigare av bl. a. Muntrue (1902) och HAccrors (1936). Pa de har- 
elagna Hammershégarna, se fig. 1, anstar en uralitporfyrit. 

Kvartsiten, som ar mycket homogen, ar glasartad och mer eller mindre mérkt 
rarod. Endast pa fa stallen visar den antydan till skiktning strykande N 15° V 
sh stupande 60°—70° mot VSV. Varken inlagringar av ursprungligen lerigt 
aterial eller sprickfyllnader av karaktaren sandstensgangar ha patraffats. Inom 
orra delen av den stérsta blottningen ar kvartsiten starkt breccierad 1 ett fler- 
1 jamsides med varandra lépande, ungefar nord-sydliga strak. De kantiga 
rottstyckena aro hoplakta av en mjélkvit kvarts, se fig. 2. Darvid ha uppkom- 
it vissa figurer, bl. a. en bildning i form av ett mantuakors pa den nordéstra 
dan av hiallen. I den vita kvartsen iakttages smarre kristallgrottor med otyd- 
yt utbildade kvartskristaller. Breccieringen har tidigare uppmarksammats av 
[uUNTHE (1902), som satter den i samband med en horstbildning. 
Mineralogiskt sett utgéres den grova kvartsiten av i huvudsak 2—3 mm stora 
divid av kvarts, vilka pa grund av den ovannaémnda tektoniseringen uppvisa 
. markant undulés utslackning. I kontakten mellan de sagtandade kvartsindi- 
den upptrader ofta smarre individ och aggregat av muskovit. Vidare fore- 
ymmer sma korn av jarnmalm tillsammans med sliror av limonit. Slutligen 
yptrader liksom i VAstervikskvartsiten mycket underordnat turmalin, vilket 
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Fig. 1. Ungefar 2 km NO on 
Kvarnholmen i Kalmar sta 
ligga Skall6arna och Hammers 
hégarna. — M. Ekman del. 
About 2 km NE of Kvarnholmer 
Kalmar town, are the Skallé- an 
Hammershégarna islands situated. 
Fér spridning godkand i Riket 
allmanna kartverk den | dec 


1958. 


visar, att kvartsiten ursprungligen avsatts i havsvatten, vars borhalt fixerats 
turmalinen. 

De laglanta och omedelbart V om Skalloarna belagna Hammershégarna upf 
byggas av mycket stora block, vilka samtliga besta:av-en svartgra uralitporfyri 
Dess mineralogiska sammansattning karaktariseras.av 2—3 mm stora strdkor 
av biotit, vilka aro rikligt genomvuxna av till matrix hérande plagioklasind: 
vid, tillika med 1—2 mm stora strékorn av antydningsvis idiomorfa plagiokla: 
individ. De sistnamnda dro samtliga fran centrum och utat sa starkt sericitom 
vandlade, att tvillingslamelleringen utsuddats och deras anortithalt darfér « 
kunnat bestammas. 

Mellanmassan, som har ofitisk struktur, utgdres till ungefar halften av e 
gragront hornblande i smarre individ, sammanvuxna med ungefar lika stor 
kiotitindivid. Den andra halften bestar av friska stavformade plagioklasindivi 
med andesitisk sammansattning, 45—50 % An (symmetriska utslackningsmet 
den). Mellanmassan karaktariseras av en jamn fordelning av sm& rundac 
magnetitkorn. 

Uralitporfyritblocken, som uppbygga Hammershégarna, hirstamma uppel! 
barligen fran en mycket bred gang. Bergarten, som hir representerar den yng 
ta utvecklingsfasen inom urberget, genomsiittes av ungefar 2 cm breda spricl 
gangar av en réd, salisk, medelkornig granit. Denna utgdr en sekundar up] 
smaltningsprodukt av en i narheten anstaende rod Smalandsgranit. Enligt mun 
ligt meddelande av P. H. Lunpecarpu aro uralitporfyritgangar vanliga ino: 


urbergsterrangen V om Kalmarsundsstenen och synnerligen talrika i Nybr 
irakten. 
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Fig. 2. Breccierad kvartsit hoplakt av vit kvarts. Stora hallen pa nordspetsen av Norra 
Skallé6. — Foto E. Ahman 
Brecciated quartzite cemented by white quarts. The big outcrop on the nothern point of Norra Skallé. 


Den ljusa sandstenen vid Smedby reningsverk 


Av det geologiska material, som framkommit vid brunnsborrningarna i Kal- 
martrakten har tyvarr den allra stdrsta delen gatt till spillo, da det annu ej f6- 
religger skyldighet for brunnsborrare att till ett centralt arkiv insanda uppgif- 
ter om borrningens belagenhet och djup, de lésa lagringarnas maktighet, arten 
av genomborrade bergarter etc. Stérre brunnsborrningsfirmor, t. ex. Svenska 
Diamantbergborrnings AB och AB Abevatten i Sundbyberg, ha tid efter an- 
nan latit trycka forteckningar med uppgifter om utférda brunnar, dock med 
fé data fran Kalmartrakten.t Ej heller Sveriges geologiska undersdknings 
Brunnsarkiv redovisar nagot stérre antal borrbrunnar fran Kalmar med nar- 
maste omnejd. 

Forf. har under de senaste 4ren insamlat uppgifter fran brunnsborrningar och 
andra arbeten inom det aktuella omradet, vid vilka Kalmarsundssandstenen bli- 
vit patraffad i fast klyft. Av foreliggande data framgar, att inom Kalmar stads 
omrade patraffas den fasta berggrunden med nagra fa undantag under ett 5— 
50 meter maktigt tacke av lésa palagringar samt att sandstenen i regel patraf- 
fas pa 5—10 meters djup norr och séder om Kalmar. Inom f. d. Dorby och 
Hossmo kommuner, fran vilka férf. har*de flesta observationerna, har sandste- 
nen vid flerfaldiga tillfallen patraffats under 4nnu tunnare tacken av kvartara 
avlagringar. Man far harav den uppfattningen, att berggrundsytan ar av sam- 
ma smakulliga natur som det nutida landskapet. I ett par fall patraffas sand- 
stenen i anmarkningsvart ytligt lage — pa 1 meters djup och t. 0. m. mindre. 


1 Svenska Diamantbergborrnings AB arkiverar dock material fran utforda borrningar. 


| 
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Fig. 3. Profil genom mora- ; 


Ms nen: och 6versta delen ay 
Kalmarsundssandstenen 
vid Smedby Reningsverk, . 
Rinkabyholm. Rekonstruk- | 
tion efter arbetsledningens | 
5m anvisningar. — M. Ekman | 
el. 
[So] Pinnmo Profile through till and upper | 
ACO!A Till part of the Kalmarsund sand-— 
stone at Smedby reningsverk 
near Rinkabyholm. Reconstruc- 
x Reser tion according to information 
: ea from the work organisation. 
3.5m Bae Kvartsitsandsten 
Quartzitic sandsione 
— Diskontinuitetsyra 
Discontinuity surface 
x 


Den ar pa dessa stallen avsevart ytvittrad eller delvis t. 0. m. genomvittrad. 
Vid sprangningar och borrningar av brunnar genom denna grunt liggande sand- 
sten har man efter nagra meters avsankning patraffat ett lager av finsand — 
av brunnsborrare benamnd »vesasand» — av varierande maktighet och dar- 
under Anyo sandsten. Pa grund av detta forhallande ar man benagen antaga, 
att sandstenen lokalt foreligger i form av isskjutna skallor. Isskjutna skallor av 
sedimentara bergarter aro kanda fran flera lokaler i Sverige och ha beskrivits 
av skilda forfattare. WESTERGARD m. fl. (1939) har beskrivit en isskjuten skalla 
av ortocerkalk pa Limon utanfér Gavle. 

Ett ovanligt gynnsamt tillfalle till studium av sandstenen inom Kalmaromra- 
det yppade sig varen 1956 i samband med anlaggningsarbeten fér r6tkammare 
vid Smedby kommuns avloppsreningsverk, belaget 1,5 km ONO om Rinkaby- 
holms jarnvagsstation och nagot S om korsningen mellan riksvag 4 och Kalmar 
-—Torsas jarnvag. Fem meter under markytan, alltsa pa ordinart djup, patraf- 
fades sandstenen, och i denna sprangdes sedan ett 3 ¥% meter djupt schakt un- 
der delvis svara f6rhallanden pa grund av en riklig vattenforing genom nagra 
oppna slag i sandstenen. Vattenflédet uppskattades till 4000 minutliter. Dessa 
arbeten kommo till férf:s kinnedom pa ett sA framskridet stadium, att den blot- 
tade profilen vid mitt besdk pa platsen hunnit dverbyggas. Densamma har dock 
ctter arbetsledningens utsago rekonstruerats i fig. 3 och uppvisar gragrén 
»kraksten» av gangse typ med 4 stycken 5—10 cm miktiga, gravita kvartsit- 
sandstensbankar. Diagenesen hos dessa har gatt langre an i »krakstenen». Unge- 
far i profilens mitt patraffades ett skikt med ojamn konfiguration, sannolikt 
markerande en diskontinuitet i sandstenen. 


Krakstenen 


Krakstenens petrologiska forhallanden med sin av maskar stérda skiktning ar 
valkanda fran skilda beskrivningar, varfér de har férbigas. Upptradandet av 
gravita kvartsitsandstensbankar i bergarten har dock hittills endast uppmark- 
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Fig. 4. Block av kraksten med frilagd diskontinuitetsyta. — Foto E. Ahman. 
Blasted boulder of ‘‘kraksten”’ with exposed discontinuity surfase. 


sammats av Hesstanp (1953) inom avsnittet 150—135.5 meter av den Ar 1948 
apptagna karnan fran borrningen vid B6da Hamn pa Oland. 


Kvartsitsandstenen 


Kvartsitsandstenen, vilken med tydliga kontakter ar avgransad mot krakste- 
ten, upptrader som ovan namnts 1 5—10 cm maktiga bankar, vilka uppvisa en 
yenom diagenesen nagot besléjad skiktning med omkring mm-breda varv. I na- 
sot fall har diskordantskiktning uppmarksammats. I bankarnas kontakter mot 
inderlaget upptrada ofta 1—2 cm stora och nagon mm tjocka lerlinser. Vidare 
ippmarksammas inneslutningar i form av ofta kantiga, sma, gravita till ljust 
sragréna lerfragment, vilka ej ha undergatt diagenes, och som siallsyntheter 
lessutom sma bollar och konkretioner av svavelkis. Sandstenen, som bevarat 
’4got av sin porositet, genomsdttes av enstaka storre sprickor, vilka som namnts 
94 sid. 484 uppvisa en riklig vattenforing. Sprickvaggarna aro helt bekladda 
ned druser av halvmm-stora kvartskristaller, hos vilka ytorna {1011} och 
0111} aro tydligast utbildade. Anvuxna pa kvartsdrusen upptrada 1 sin tur 
igeregat av halvmm-stora kuber, oktaedrar och genom kombination av dessa 
ormer utbildade svavelkiskristaller. 

Kvartsitsandstenen bestar av dominerande kvarts i jamnstora individ med en 


ameter av 0.2—0.3 mm. Skiktningen markeras av ungefar halvmm-tjocka 
nellanskikt, uppbyggda av kvartsindivid med en diameter av endast 0.05—0.08 
am. Kvartsindividen uppvisa mycket tydliga tillvaxter, som ha samma optiska 
rientering som de primara individen. Gransen mellan primara individ och till- 


| 
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vaxt framgar klart av sekundart inneslutna partiklar pa de primara kvartskor-- 
pens ytor. Tillvaxterna utfylla praktiskt taget alla ursprungliga halrum mellani 
miineralkornen. 

Accessoriskt upptrader i kvartsitsandstenen limonit, turmalin, kalcit, mikro-: 
klin och muskovit. 

I den av Hesstanp (1953) beskrivna delen av karnan fran Boda Hamnsborr-: 
ningen uppmarksammas pa en niva av 15—25 meter ovan urberget nagra en-- 
dast ett par dm maktiga baddar av ljus, nastan kvartsitisk sandsten. Den un-. 
derkambriska sandstenen uppvisar i Kalmartrakten i de fatal fall, da den bli- 
vit genomborrad, en maktighet av omkring 20 m, varfor man har all anledning' 
antaga, att de ovan beskrivna kvartsitsandstensbankarna kunna korreleras med 
de av Hesstanp beskrivna. Kvartsitsandstenen ar sannolikt identisk med den 
av Muntue (1902, sid. 23) omnamnda, i block N om Kalmar patraffade vita | 
sandstenen med sockerlikt utseende. 


Diskontinuitetsytan 


I krakstenen upptrader, som ovan omnamnts, en diskontinuitetsyta. Dess 
exakta lage i lagerféljden har ej kunnat faststallas, men vid mitt besok pa plat- 
sen visade Atskilliga block ytan ifraga (se fig. 4). Den ljust gragréna och ojam- 
na ytan ar tackt av oregelbundna halvcm-hdéga oftast stavliknande vallar och 
valkar uppbyggda dels av gra lerrik och dels av vit lerfri sandsten. Dessa aro 
Gverdragna av en tunn lerhinna. Som redan namnts karaktariseras krakstenen 
av stord skiktning, ett resultat av maskars arbeten i det primara sedimentet, och 
den ovannamnda diskontinuitetsytan kan kanske ha uppkommit pa liknande 
satt. Gynnsamma omstandigheter ha uppenbarligen bidragit till att struktu- 
rerna bevarats. LANNERBRO (1954) beskriver snarlika strukturer fran Dalarnas 
jotniska sandsten, vilka dock ej torde ha organiskt ursprung (jfr ScHINDEWOLF 


1956). 
Den gra krakstenen i Dérbylundsomradet 


Vid anlagegning sommaren 1958 av en ledningsbrunn inom Dérbylundsomra- 
det ca 5 km VSV om Kalmar, ungefar 200 m fére skarningen mellan riks- 
vag 4 och Kalmar—Torsas jarnvag fran Kalmar raknat, och saledes endast ca 
400 m fran den ovannamnda lokalen vid Smedby reningsverk, stétte man ofér- 
modat pa ett anstaende av ovittrad kambrisk sandsten pa ett djup av 3 % me- 
ter under markytan. Arbetena, som kravde en nedsankning 1 % m i berget, be- 
svarades aven har av ett starkt vattenfléde om ca 2 000 minutliter. 

De 6versta decimetrarna av den darvid blottade profilen utgdres av en som 
kraksten utbildad vit*och brunflackig sandsten, som i sin basala del uppvisar 
enstaka smarre fragment av underlagrande gragrén kraksten, tydande pa att 
den avsatts i ett strandniara lage och tidvis varit utsatt for nedbrytning. Kon- 
takten mellan krakstensvarianterna ar skarp pA grund av fargkontrasten. 

Den underliggande glaukonitsandstenen ar vackert gragrén och merendels 
massformig med undantag av har och var upptradande otydliga utbildningar 
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om kraksten. Bankar av vit kvartsitsandsten uppmarksammades ej 1 profilen. 
Jm de aro utbildade har bora de finnas pa en djupare niva. En narmare un- 
dersékning av den gra krakstenen ger vid handen, att den har ringa halt av 
slaukonit och att dess cement till stor del utgdres av karbonat. I cementet upp- 
(wader Aven smarre mangder av limonit. I denna kraksten forekommer ofta an- 
amlingar av grabruna lerlinser, vilka vid en mikroskopisk undersdkning visa sig 
desta av ett flertal kalcitindivid, som dro starkt férorenade och uppskattnings- 
vis till 70—80 % innesluta lera och sma merendels skarpkantade kvartsfrag- 
nent. 
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HELGE G. BACKLUND 


1878—1958 


Fér nagot mindre an ett 4r sedan — den 29 januari 1958 — gick Helge Got- 
rik Backlund ur tiden. Darmed miste vart land en av sina kunnigaste, fargstar- 
kaste och idérikaste petrologer genom tiderna. 

Helge Backlund blev redan fran fodseln kosmopolit. Han sag dagens ljus der: 
3 september 1878 i Dorpat. Hans féraldrar var observatorn, sedermera direk- 
téren fér Pulkovoobservatoriet Oskar Backlund och Ulrika Widebeck. 

Sin uppfostran fick Helge Backlund huvudsakligen i Ryssland — ett Ryss- 
land utan jarnrid4 gastat av manga utlandska forskare. Flera av dessa sokte 
sig till Pulkovo utanfor S:t Petersburg och blev gaster i foraldrahemmet. En 
kulturell vidsyn och en naturlig sakerhet i upptradandet blev sjalvklara foljder 
av den unge Helge Backlunds liv i denna rika milj6. Intresset for naturveten- 
skap vaknade ocksa tidigt, och skarpblick parad med god fysik lampade sig 
val for hans 4mnesval — geologin. Till den av von Schmidt ur sibiriska tundran 
framgravda mammuten aterkom han garna pa sin alders dagar. Jattedjuret 
och expeditionen, som lett till dess forevisande 1 S:t Petersburg, tilltalade all- 
deles uppenbart hans fantasi starkt och blev 1 hog grad bestammande for hans 
yrkesval. 

Redan 1899 kom han sjalv att deltaga i en forskningsresa, forsta etappen 1 
den av Tjernysjev ledda, svensk-ryska gradmatningsexpeditionen till Spetsber- 
gen (1899—1901). Hans intresse fangades dar av de maktiga platabasalterna. 
Under 1905 utforde han geologiska undersdkningar och astronomiska ortsbe: 
stamningar mellan floderna Jenisej och Anabar, delvis under mycket svara for- 
hallanden. 

1906 for Helge Backlund till Wien fdr studier och forskningar hos Becke 
De Beckeska arbetsmetoderna blev av stérsta betydelse for hans vetenskaplige 
produktion under de féljande aren. Man lagger fran denna tid marke till Ube 
die Olivingruppe’ (1909) och en rad uppsatser Sver Spetsbergsbasalterna. 

1909 borjade Helge Backlund regionala undersékningar i Uralbergskedjan 
nordligaste delar samt trakten dster dérom, sarskilt Taimyrhalvén. PA grunt 
av varldskriget 1914—1918 och den darav féljande, stora inre oron i Rysslanc 
kom publiceringen av Backlunds redan vid Arsskiftet 1913/14 fardiga Taimyr 
avhandling att fordrdjas. 1917 trycktes en férkortad version i GFF, och férs 
1929 utkom den kompletta avhandlingen. I och med dessa Backlunds forsk 
ningar samt genom undersdkningar av O. Holtedahl blev det uppenbart, at 
rester av en variskisk bergskedja finns norr intill det sibiriska urbergsblocket 
Denna bergskedja ansluter sig till Ural. Bland andra resultat av Backlund 
arbeten i nordligaste Sibirien markes ’On the Arctic basalt plateau’ (1921) 

Helge Backlunds reslust fick en stét i ny riktning vid geologkongressen 
Stockholm 1910. Han traffade dar chefen fér Argentinas geologiska under 
sékning och férordnades 1912 som resultat av detta mite till statsgeolog f6 
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ett ar i det sydamerikanska landet. Dessforinnan hade han 1908 utsetts till 
kustos vid Vetenskapsakademiens i S:t Petersburg geologiska museum, dar 
han 1912 blev chefskustos. 

I Argentina bedrev Backlund omfattande forskningar i Anderna. En del, 
ay de vunna resultaten publicerade han 1923 i monografin “Der magmatische 
Anteil der Cordillera von Siid-Mendoza’. Han betonar i denna vulkanismens 
periodiska upptradande i den andina geosynklinalen. 

Ryska revolutionen drog fér Backlunds del med sig stora svarigheter. Han 
miste sin befattning som chefskustos och maste fly under dramatiska omstan- 
digheter. 1918 utnamndes han till professor vid Abo akademi och byggde upp 
den nyinrattade geologiska institutionen till ett forstklassigt forskningscentrum, 
dar bl. a. for forsta gangen i Skandinavien undervisning i universalbordsme- 
todik gavs. 

Under somrarna ledde han tillsammans med Quensel en berggrundskarte- 
ring av Skanderna i sédra Lappland (Vasterbottens lan). Arbetet ingick 1 
SGU:s program och en detaljrik karta i skala 1: 200000 trycktes 1929. Na- 
gon beskrivning utkom tyvarr aldrig. 

1922 sdkte Backlund den genom A. G. Hégboms pensionering ledigblivna 
professuren i geologi med mineralogi vid Uppsala universitet. Sedan Geijer 
dtertagit sin ansdkan, kvarstod Backlund och G. Frédin som huvudkonkur- 
renter. Kampen mellan de bada blev lang och hard. Férst 1924 utnamndes 
Backlund. Med sin vidstrackta instrumentella och metodologiska erfarenhet 
lvfte han upp den blygsamt utrustade institutionen i Kuggis till en f6r sin tid 
ur apparatsynpunkt mycket hdg standard. Sarskilt intresse agnade han har 
liksom i Abo at de viktiga universalborden. Mineralsamlingen ordnades ock- 
sa enligt moderna principer. 

Somrarna 1929 och 1930 fdljde Helge Backlund med Lauge Koch till Gron- 
land. Har aterfann han migmatitmotivet fran Sederholms Sydfinland i de 
underbart val blottade hallarna och bergen. Transformistiska tankegangar 
blev for honom allt mer naturliga. Nar sa den gamle Sederholms unge, snill- 
rike och entusiastiske medarbetare Eugen Wegmann borjade blasa friska flak- 
tar over geosynklinalutvecklingarna och migmatitiseringsférloppen bade i 
Fennoskandia och pa Grénland var det naturligt, att Backlund blev hans va- 
penbroder. 

Trots hart motstand vaxte transformismens inflytande. Backlunds férelas- 
ningar blev allt mer fascinerande med sina djarva utblickar Sver det gamla 
men anda evigt unga forskningsfaltet granit—gnejs. Han tréttnade aldrig p& 
att betona kravet pa konstant volym vid de flesta av orogenernas kristallin- 
bergartsbildningar. Detta forde med sig antagandet av ombildningar av 4ldre 
bergarter genom jonutbyten i motsats till den tidigare i vart land forharskande 
hypotesen om nykristallisationer ur mer eller mindre starkt differentierande 
magmaintrusioner. Sa kom da antligen svensk petrologi i handgriplig kontakt 
med de transformistiska principer, som i Frankrike bérjat taga form redan i 
mitten av forra seklet. 


I geosynklinalutvecklingarna blev for Backlund blott basisk magmaaktivi- 
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t kvar, medan saval de primorogena som de serorogena (syn- resp. senkine- 
atiska) graniterna tolkades som sekundiara. Aven gronstenar tillats ha icke- 
agmatiskt ursprung. Salunda kunde ur kalkrika sediment anortitbetonad 
ibbro bildas och ur dolomit peridotitiska bergarter. 

I flera avhandlingar kampade Backlund for transformismens idé och konse- 
enser. Sarskilt beaktade har “Der Magmaaufstieg in Faltengebirge’ (1936), 
ie Umegrenzung der Svekofenniden’ (1937) och den sammanfattande °Ein- 
icke in das geologische Geschehen des Prakambriums’ (1943) liksom aven 
‘he granitisation problem’ (1953) blivit. 

Stor uppstandelse vackte pa sin tid "The problems of the rapakivi granites’ 
938), dar Backlund tolkade den lattvittrande porfyrgraniten som granitiserad 
tnisk sandsten. En haftig debatt mellan Backlund och von Eckermann blev det 
irmaste resultatet av denna skrift. Férst under den allra senaste tiden, nar ra- 
ikivigranitens alder bestamts till omkring 1500 milj. ar, har emellertid berg- 
tens genes blivit sk6njbar — kan den héga Aldern icke bero pa att det 4l- 
srsbestamda materialet i oomvandlat skick arvts fran en bergart, ur vilken 
pakivigraniten direkt eller med ett sediment som mellanled bildats genom 
anitisering? Dock maste mobilisering av det granitiserande materialet har 
ssom 1 manga andra fall ha haft langt st6rre betydelse 4n Backlund medgivit. 
Invandningar av denna art férringar icke vardet av Backlunds insats i kam- 
en for en transformistisk syn pa var kristallina berggrund. Att gnyet och va- 
snskramlet fran tvivlarnas skara kommit honom att bli in-sttu-granitisor till 
yermatt ar icke mer An manskligt. Hans Asikter har ocksa utgjort en omistlig 
llgang for den petrologiska diskussionen, aven i de fall da de varit extrema. 
Backlund var en god larare. Hans litteraturkannedom hade sa stor vidd, att 
even i honom sag en levande uppslagsbok. Hans praktiska erfarenhet av de 
est skilda geologiska problem och arbetsobjekt kom honom val till pass bade 
ander forelasningar (Backlunds manus var sma eller helt obefintliga) och nar 
*t gillde att hjalpa unga uppsatsskrivare till ratta. Hans metodologiska kun- 
aper i férening med hans underfundiga humor gjorde mikroskopkurserna 
ll hogtidsstunder. 

Backlund inplantade i eleverna formagan att behandla det vetenskapliga 
aterialet utfdrligt och med iakttagande av vidast mdjliga aspekter. Utan 
not accepterade han aven motsadgelser mot sin egen tro. Sa vaxte licentiat- 
‘betena i en del fall till doktorsavhandlingsformat, men eleverna larde sig 
mtidigt uttrycka sina tankar i skrift. 

Atskilliga hedersbevisningar kom Backlund till del under senare delen av 
ans liv. Férutom kallelser till ledamotskap i ett flertal in- och utlandska lar- 
+ samfund m& namunas hedersdoktorat i Uppsala 1927 och Wien 1940: 1943 
lagnades Backlund samlingshaftet 2—6 av Geologische Rundschau pa ini- 
ativ av Hans Cloos. Har upptages stérre delen av sidorna 72—74 av en sa 
tt jag kunnat bedéma fullstandig forteckning Over Backlunds tryckta arbeten 
o. m. 1942, ett med tanke pa de starkt spridda publiceringsorterna synner- 


xen vardefullt aktstycke. 
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PAUL W. THOMSON 
AN ESTONIAN NATURALIST 


1891—1957 


It was with sorrow and regret that I received the news. Doctor Paul W 
Thomson had passed away at Bonn, Germany, on the 13th of December, 195, 
at the age of sixty-six. He was one of the undoubted pioneers in palynolog) 
the science of pollen grains and spores, and a keen naturalist in the tru 
meaning of this word. Paul W. Thomson was born in Tallinn, Estonia, on th 
99nd of December in 1891 and both his personal life and his scientific wor 
reflect, perhaps somewhat naturally, the troubled times, shadowed by war 
and occupation of Estonia, as well as the many years when everything seeme: 
so bright and promising. He served in the Armed Forces of Estonia durin: 
the War of Independence (1918—1920) and held the military rank of Cap 
tain. In 1920—21 he gave lectures on explosives at the Estonian War Academ 
since he in his previous professional training had specialized in chemistry an 
the natural sciences. From 1923 until the occupation of Estonia in 1940 h 
held a position as lecturer in chemistry and botany at the Agricultural Schoc 
and the Experimental Station at Tooma. He received his Doctors Degree 1 
1927 at the University of Riga, Latvia, and later lectured at the Universit 
of Tartu in Estonia. Furthermore, because of his dedication to natural scienc 
he found time to spare for teaching science at highschool. From 1928 onwar 
he has been a member of the Geological Society of Stockholm. 

The list of his publications speaks for itself and yet I cannot claim that 
have been able to include all titles. 

Professor Thomson’s palynological studies in Estonia served a_ twofol 
purpose. They added to the fundamental knowledge of the postglacial climati 
changes as interpreted from the forest history of Estonia and his studie 
formed the necessary background for studies of the recent vegetation. Despit 
cf many difficulties he managed to solve the problems with his remarkabl 
energy, ambition and patience. Besides the palynological study of the pos 
glacial deposits he contributed significantly in other fields of the nature 
sciences, too. His studies of the late-glacial and interglacial deposits and h 
study of Devonian rocks deserve special mention. During later years his studie 
of Tertiary lignites in Germany, their origin and his fundamental study ¢ 
plant microfossils in these deposits became well known and recognized amon 
his colleagues. 

His untimely death is a serious loss to palynology and to his friends wh 
will always remember him as a pioneer who blazed the trail for a new scienc 


J. Terasmae 


Geological Survey of Canad 
Ottawa, Ontario, Canada, 


Bd 80 H. 4] PAUL W. THOMSON 1891—1957 493 


PAUL W. THOMSON 


1891—1957 


494 


J. TERASMAE [Nov.—Dec. 195& 


BIBLIOGRAPHY 


Thomson, P. W.; 


1922: 
1922: 
1923: 
1924: 
1924; 
1925: 
1925: 
1925: 
1926: 
1926: 


1926: 
1926: 


1928: 
1.929% 


1930: 


1930: 
1930: 
1930: 
1930: 
1930: 
1930: 
1930: 


1931: 
1932: 
1933: 
1933: 
1933: 
1933: 


1933; 


Notizen zur Kenntnis der Flora und Vegetation Eestis—Loodusuurijate Seltsi Aruanded 
Ip : 
Taimegeograafilised vaatlused hilis-jaaaegse meretransgressiooni alal Louna-Harjumaal 
—Loodus, |. f ce 
Vorlaufige Mitteilung tber neue Fundorte und Verbreitungsgebiete einiger Moor- 
pflanzen in Estland—Loodusuurijate Seltsi Aruanded, 30, p. 73—79. 

Ist der Grenzhorizont im Sphagnumtorflager eine Synchrone Bildung — Bot. Laborat: 
Estl. Moorversuchsstation ‘Thoma. : 

Zur Frage der regionalen Verbreitung und Entstehung der Gehélzwiesen und Alvar- 
triften in N—Estland — Loodusuurijate Seltsi Aruanded (LSA), 31, p. 45—53. 

Typy verhovyh bolot Estonii (Types of raised bogs in Estonia) — Torphianye Delo, 10 
(In Russian). 

Pollen im Torf—Dorpat. Nachr., No. 11. { 

En pollenanalytisk undersékning av Estlands mossar — Svensk Bot. Tidskr., 19. | 
Nachtrag zur Arbeit die Pollenflora der Torflager in Estland — Bot. Archiv, 13 : 116. _ 


Die Stratigraphie der Torflager und der lacustrinen Sedimente in Estland — Soo- 
kultuur, 3. 
Eesti soode ja jarvelademete stratigraafia — Sookultuur, 3. 


Pollenanalytische Untersuchungen von Mooren und lacustrinen Ablagerungen in Est- 
land — Geol. Féren. Foérhandl. 48. 

Das geologische Alter der Kunda- und Pernaufunde — Beitr. z. Kunde Estlands, 14. 
Die regionale Entwickelungsgeschichte der Walder Estlands — Acta Comm. Univ. Tar- 
tuensis, A 17,2. ~ 

Die Entwickelungsgeschichte der Vegetation Estlands (in —- Hayren, E., Bericht tiber 
die Tagung der Pflanzengeographen in Dorpat (Tartu) vom 24—27 August, 1929) — 
Mem. Soc. Fauna Flora Fennica, 6. 

Geologische Datierungen archdologischer Funde in Estland — Fornvannen, 25. 

Soode arenemine ja kliima muutumised — Loodusvaatleja, 1. 

Veel verekaani levimisest Eestis — Loodusvaatleja, 1, p. 185. 

Mo6égarohi (Cladium mariscus R. Br.) Kardes — Ibid., 1. 

KOrvulise pdisrohu esinemisest Eestis — Ibid., 1. 

Teade pisikapa (Epipogon epipogon Karst.) letu kohta — Ibid., 1. 

Kritische Bemerkungen tiber die Datierung der waldgeschichtlichen Perioden in Russ- 
land von Gerasimov — Geol. Foren. Férhandl., 52. 

Beitrage zur Stratigraphie der Moore und zur Waldgeschichte S. W. Litauens — Geol. 
Foren. Férhandl., 53. 

Laanemere maade alluvium — L. S. A., 38. 

Moorstratigraphische Notizen aus Estland — Beitr. z. Kunde Estlands, 18. 

Ein Austernfund im Litorina-strandwall bei Laulasmaa — Beitr. z. Kunde Estlands, 18. 
an = Ancylusstrandbildungen bedecktes Torflager bei Jelgimagi — Ibid., 18, p. 


Sora Bemerkungen tiber Potentilla fruticosa L. in NW Estland — Ibid., 18, p. 177— 


Ein Linienprofil durch den éstlichen Teil des Hochmoors ,,K6rgsoo” im Kirchspiel 
Haggers (Hageri) — Ibid., 18. 


1933: Zur Genesis der Dryastone — Ibid., 18. 
1933: Uber Mammutfunde in Nord-Estland — Revaler Zeitung, nr. 243, 
ae Ostrea-leiust Litorina setetest Laulasmaal — Eesti Loodus, 1. 


1934: 
1934: 
1934; 


1935: 
1935: 
1935: 


1935: 
1936: 
1936: 
1936: 
1937: 


Selaginella Harjumaal — Loodusvaatleja, 5. 

Eelkaivaid markmeid uuemaist andmeist metsaajaloo kohta Eestis — Eesti Loodus, 2. 
Mammutileidudest Péhja-Eestis — Ibid., 2. 

Floristilisi markmeid — Ibid., 2. 

Palaobotanische, quartargeologische und floristische Notizen — Beitr. z. Kunde Estlands, 


20 


Vorlaufige Mitteilungen tiber die spatglaziale Waldgeschichte Estlands — Geol. Féren 
Forhandl., 57. 


eae harksaba-kulli kaavikust Eestimaa kirjanduse Seltsi Muuseumis — Eesti Loodus 


Spatglaziale Fichtenwalder in Estland — (Periodical unnamed). 
Kiinnapuu ja jalakas Eesti metsaajaloos — Eesti Loodus, 4. 
Esialgne teade Vaana litorina-louka kohta — Ibid., 4. 
Lisamarkmeid Eesti devoonifloora kohta — Ibid., 4. 

Narva diatomiit — Eesti Loodus, 5. 


3d 80 H. 4] PAUL W. THOMSON 1891—1957 495 


O37: 


Vorlaufige Mitteilung tiber den Aufbau und Vegetation der Hochmoore zwischen 
Kemeri und dem Kanjersee — Korrespondenzbl. Naturf. -Ver. Riga, 62. 


: Der Einfluss des Bruch- und Auerwaldgiirtels auf das Pollendiagramm — Schr. d. Phys.- 


Okon. Ges. z. Kénigsberg, 69. 


: Oedicnemus oedicnemus (L.) (= crepitans Temm.) Eestis — Eesti Loodus, 5. 
: Tabellarische Ubersicht tiber das Alluvium Estlands — Beitr. z. Kunde Estlands, naturw. 


Reihe, vol. 1. 


: Vorlaufige Mitteilung iiber die fossile Devonflora in Estland — Ibid., vol. 1. 
: Beitrag zur Waldgeschichte der Fischerhalbinsel in Lappland — Ibid., vol. 1. 
: Eem-interglatsiaali metsade ajalugu Eestis ning Réngu interglatsiaali stratigraafiline 


asend — Eesti Loodus, 7. 


: Beitrag zur Kenntnis der fossilen Flora des Mitteldevon in Estland — L. S. A., 45. 
: Die Klima- und Waldentwicklung des von K. Orviku entdeckten Interglazials von 


Ringen bei Dorpat (Estland) — Zeitschr. Deutsch. Geol. Ges., vol. 93. 


: Das Litorinahaff von Narva — Korrespondenzbl. Naturf.-Ver. z. Riga., 64. 
: Die Flatterulme und die Bergulme in der Waldgeschichte des Ostbaltikums — Ber. 


Deutsch. Bot. Ges., 60. 


: Alttertiare Elemente in der Pollenflora der rheinischen Braunkohle und einige strati- 


graphisch wichtige Pollenformen derselben ——- Paleontographica, 90, pt. B. 


: Die Entstehung von Kohlenflézen auf Grund von mikropalaontologischen Untersuchun- 


gen des Hauptflézes der rheinischen Braunkohle — Braunkohle, Warme und Energie, 
pt. 3—4 


: (Potonie, R., Thomson, P. W., and Tiergart, Fr.) Zur Nomenklatur und Klassifikation 


der neogenen Sporomorphae (Pollen und Sporen). Zur Geologi der rheinischen Braun- 
kohle I — Geol. Jahrb., 65. 


: Zur feinstratigraphischen Untersuchung von Braunkohlenflézen — Geol. Jahrb., 66. 
: Pollen und Sporen des Mitteleuropdischen Tertiars—Palaentographica, 94, pt. B. 
: Zur Frage des Alters des Braunkohlenlagers von Roten Kliff auf der Insel Sylt —\N. Jb. 


Min. Geol. Palaontol., pt. 2. : 


: Beitrag zur Kenntnis arktischer Sedimente — Eiszeitalter und Gegenwart, 7. 
: Die Braunkohlenmoore des jiingeren Tertiars und ihre Ablagerungen — Geol. Rund- 


schau, 45. 


. A. — Loodusuurijate Seltsi Aruanded. 


496 NOTIS [Nov.—Dec. 1958 


Notis 


Regarding the Definition of 
By 
Maurits LINDSTROM 


“The question is’’, said Alice, ; 
“whether you can make words mean different things’. 
“The questions. is’’, said Humpty Dumpty, 

‘‘which is to be master — that’s all’’. 


Lewis CARROLL 


In the preceding issue of this periodical, Hans J. Koarx (1958) criticized me and 
P.-G. Hyern jointly for having used the term a in a sense contrary to what is the 
general use in Gefiigekunde. To some, this might seem a trifling matter. However, 
Koark is known as an advocate of the fixity of nomenclature in his branch of science, 
and for this I keep him in high esteem, as I am of much the same mind. Koark refers 
to SANDER (1942 & 1948) as the authority of Gefiige nomenclature. With this, too, I 
am in entire agreement. It would be well if SANDER 1948 were acknowledged as the 
ultimate authority in matters of Gefiige terminology. As Koark also is aware, I have 
indeed attempted to follow SANDER in my definition of 7. The disagreement concerns 
the interpretation of what SANDER has written. 

Hyern (1958) and I (Linpsrrém 1957, 1958) define ~ as the normal of s-surfaces 
(non-genetic term, mainly for bedding-planes, foliation, and schistosity). KoarK men- 
tions 7 only as die Kreiskonstante, and states that it is generally used to characterize 
tautozonal s-surface orientations, mainly as part of compound nouns like z-Kreis, a- 
Achse, and g-Pol. It shall not be questioned now whether this definition of z is useful 
or not; only whether Koark is right or not in assigning it to SANDER 1948. 

Koarx’s reasoning is founded on the following sentence that can be found in SANDER 
1948 (p. 139), “Im betrachteten Falle ist dieser s-Pol-Kreis als 7-Kreis bezeichnet, sein 
Lot als a-Achse, der Ort von q in der Projektion als 7-Pol.” The s-Pol is the projec- 
tion point of the normal of an s-surface, hence also the representation of the s-surface 
normal in the diagram. Now, the sentence quoted above tells us that s-Pol-Kreis = z- 
Kreis. It seems logical to infer that s-Pol = a, which is practically, though of course 
not logically, the same as to say that z is the s-normal, as the s-Pol is our representa- 
tion of the s-normal. The only other definition of ~ that can be extracted from San- 
DER’s sentence is “the something which has the a-Pol as its locus”. Now, a pole is a 
point, and what has the point as its locus must be the point itself, hence 7 = z-Pol. 
To define the a-Pol, Sanper refers to fig. 41, p. 138. In this figure, ~ occurs in one 
place, and is indicated thus, “s-Pole (z)”. It is hard to escape the impression that s- 
pole and z in this case are placed as synonyms. 

SANDER mentions 7 as the s-surface normal, and its projection point, the s-pole, on 
two more places in his 1948 work. One of them is a sentence quoted by Koark and 
occurring on p. 132 in Sanper 1948. It is possible that the construction of SANDER’s 
phrase in this case is unintentional, as maintained by Koarx, but the writing certainly 
stands there. The other place is on p. 138, ninth line from above. 


Is it not excusable that one regards the definition 7 = s-normal (and the represen: 
tation of the s-normal) as codified? 


d 80 H. 4} NOTIS 497 


REFERENCES 


JERN, P.-G., 1958: Tektonische Studien in zwei smalandischen Gebieten. G. F. F., vol. 80, 
pp. 186—189. 


OARK, Hans, J., 1958; Zur Definition von = bei tektonischen Analysen. G. F. F., vol. 86, p. 
350. 


[NDSTROM, M., 1957; Tectonics of the area between Mt. Keron and Lake Allesjaure in the 
Caledonides of Swedish Lapland. Lunds Univ. Arsskr., N. F., Avd. J Nxelk, Monten, IL, 

- 1958: Tectonic transports in three small areas in the Caledonides of Swedish Lapland. 
Lunds Univ. Arsskr., N.F., Avd. 2, vol. 54, no. 3. 

ANDER, B., 1942: Uber Flachen- und Achsengefiige (Westende der Hohen Tauern, III. Bericht). 
Mitt. d. Reichsamtes f. Bodenforschung, Zweigstelle Wien, 4. 

- 1948: Einfithrung in die Gefiigekunde der geologischen Kérper. I. Wien, Springer Verl. 


498 ANMALANDEN OCH KRITIKER [Nov.—Dec. 1959 


Anmalanden och kritiker 


Paut Wo.pstept: Das Eiszeitalter. Grundlinien einer Geologie des Quan 
tars. Zweiter Band. Europa, Vorderasien und Nordafrika im Eiszeitah 
ter. Zweite neu bearbeitete Auflage. Ferdinand Enke Verlag, Stuttgam 
1958. VII + 438 sid., 125 textfig., 1 tavla, 24 tab. Pris hft 65: — DM, 
inb. 69: — DM. 


Andra upplagan av Woldstedts valkanda larobok var fran bérjan avsedd att omfatt 
tva band, vilket redan det innebar en utdkning till det dubbla sidantalet, jamfort mee 
férsta upplagan. Kannedomen om kvartartidens geologi har emellertid pa sistone Okati 
i en sadan takt, att redan i denna upplaga endast en del av den regionala kvartargeo 
logien rymts i det nu féreliggande band 2. Detta omfattar saledes endast Europa oel 
de utomeuropeiska delarna av Medelhavsomradet. Av nagon anledning har dock int 
Island fatt vara med, vilket man annars tycker skulle varit naturligt, i synnerhet son 
aiven detta medtagits i bokens fig. 1 — dversikt 6ver det nordeuropeiska nedisnings 
omradet. 

I band 1 miarktes en betydande omarbetning, men i band 2 har denna varit anm 
mer genomgripande. Endast stallvis kanner man igen rester av den gamla dispositio 
nen och Aven i dessa partier ar det tydligt att en i stort sett fullstandig nybearbetnin; 
gjorts. Betydande delar av boken, sarskilt kapitlen om Medelhavslanderna, ar hel 
nytillkomna. Det 4r ingen Overdrift att saga att band 2 utgdr en helt ny larobok. 

Minst genomgripande ar kanske forandringarna i de f6rsta kapitlen, som behandla 
det nordeuropeiska nedisningsomradet i framst Tyskland och Danmark. Vad betraffa 
Ovriga kapitel, som berér detta nedisningsomrade, vill det synas som om forfattare: 
ganska val fatt med aven forskningens senaste ron. De verkligt revolutionerande for 
andringarna i boken finner man emellertid i de kapitel, som berér omradena utanf6 
de nordeuropeiska och alpina nedisningarna. Dessa kapitel ar alltsA nyskrivna och mai 
far ett dvervaldigande intryck av kvartargeologiens framsteg i dessa trakter, frams 
kanske i Italien. Urvalet i det stora materialet har sakert ej varit det lattaste och kat 
givetvis alltid diskuteras. Det férefaller dock som om det vore val avvagt och som or 
allt det vasentligaste kommit med. I varje fall utgdér boken en fértrafflig inkérspor 
for den som narmare vill lara kanna Sydeuropas kvartargeologi. 

Det ligger val i verkets natur, att var och en kan hitta brister i just det omrade ha: 
sjalv sarskilt beharskar. Salunda ar det nog ingen svarighet for en svensk kvartargec 
log att géra anmarkningar mot det avsnitt, som behandlar sen- och postglacialtiden 
Skandinavien. Att har ge sig pa en sadan detaljgranskning skulle emellertid ej gor 
boken rattvisa. Dess syfte ar f. 6. knappast att ge en uttémmande skildring av de be 
handlade omradena utan endast en allman éversikt. Ett par punkter mA racka fér al 
exemplifiera dylika anmarkningar: Skildringen av nivaférandringarna féljer kansk 
val mycket Sauramo. Visserligen namns i korthet att t. ex. hinge-lines ar omdiskuterad 
men nagot vidare om dessa motsatta uppfattningar far man ej veta. Vidare ar det ni 
got egendomligt, att i fraga om de intressanta submorana sedimenten i Centraljam 
land endast hanvisas till ett muntligt meddelande. Nagot av den ej obetydliga litter: 
turen i Aamnet borde nog fatt vara med hir. 

Om den nordiska litteraturen féreféll nagot forbisedd i band 1 s& giller detta - 
egendomligt nog — an mer i band 2. De skandinaviska bidragen till litteraturfértecl 
ningen ar latt raknade, och man fragar sig nog, om urvalet dar gjorts lika omsorgsful 
som i fraga om t. ex. den sydeuropeiska litteraturen. I nagon man sammanhanger d 
dock kanske med att den litteratur, som upptagits i band 1, ej upprepas i band 2 - 
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ett forfarande som man kanske i viss man kan ha forst§else fOr, men som icke desto 
mindre ej ar helt praktiskt for den lasare, som inte rakar ha boda banden till hands 

Illustrationerna ar med fA undantag goda och val valda. Tyvarr 
rade sa att texten lases upp och ned, ett fel som dock ar blott a 
mesta litteratur. Ett avgjort plus fér boken dr tabellerna, med var 


en uppfattning om de nu allt talrikare lokalbenamnda avl 
stallning. 


ar de ibland place- 
lltfér vanligt i den 
s hjalp man kan ta 
agringarnas stratigrafiska 


Trots att det sista bandet annu ej utkommit har man nog nu fatt ett helhetsintryck 
av verket. Detta, som nastan genomgiende Ar mycket positivt, innebar narmast, att 
verket ar oumbirligt fér den som vill skaffa sig en allman uppfattning om utlandsk 
kvartargeologi, d. v. s. sisom larobok. Genom utforligt register och redig uppstillning 
lampar den sig vidare utmarkt sAsom uppslagsbok. Mindre lamplig ar den endast dA 
det galler det egna landet. Dar mAste nog den inhemska litteraturen tillgripas. 


Jan Lundqvist 


A. WinkLER-HERMADEN: Geologisches Kriaftespiel und Landformung. Grund- 
satzliche Erkenntnisse zur Frage junger Gebirgsbildung und Land- 
formung. 822 Seiten. 120 Textabbildungen und 5 Tafeln. Wien 1957. 
Pris inb. DM 95:—. 


I detta storartade verk, som tillagnats framlidne ALBRECHT PENCK, framlagger for- 
fattaren en sammanfattning av sitt livsarbete. Huvudmal fér detta har varit undersdk- 
ningen av de geologiska krafternas lagbundna verkningar under Alpernas tertiara ut- 
veckling och speciellt de verksamma geologiska faktorerna vid sedimentationsférlop- 
pen, tektogenesen och vulkanismen, samt deras relationer till de formbildande morfo- 
logiska krafterna. Arbetsomradet omfattar salunda ett speciellt och hittills nagot for- 

.summat kapitel i éversiktliga framstallningar av Alpernas geologi, trots att det ar av 
sa stor betydelse for orogenesforskningen. Med detta bidrag har man fatt ytterligare 
ett vederlaggande av de pastaenden, som vill géra gallande, att de alpingeologiska 
unders6kningarna har stagnerat under de senaste decennierna.! Vederlaggandet far sar- 
skild vikt darigenom, att féreliggande arbete icke ar ett pa avstand tillkommet skriv- 
bordsalster utan bygger pa forfattarens under mer 4n 40 ar utforda studier av petro- 
erafisk, stratigrafisk, tektonisk och morfologisk karaktar med ett 80-tal specialarbeten 
som underlag samt pa ett intensivt litteraturstudium av ca 2500 for amnet aktuella 
arbeten. 

Fér ovannamnda fragestallningar férutsattes ett sakert stratigrafiskt underlag for 
_Alpernas berérda omraden, deras randtrakter, samt angransande mediterrana regioner 
och delar av Osteuropa. Det dr framst tidsavsnittet fran 6vre miocen (sarmat) till 

-kvartar som med stor inlevelse diskuteras (ca 300 sidor) och det staller héga krav 

pa den i den alpina, mediterrana och 6steuropeiska tertiarstratigrafien foga insatte ]a- 
saren. Hir framhilles bl. a. annu bestaende oklarheter angaende gransdragningen mel- 
lan oligocen och miocen (aquitan), gammal- och ungmediterran och speciellt atskill- 
‘naden av helvet och torton, miocen och pliocen i mediterranomradet, pliocen och 

-kvartar, samt den stratigrafiska parallelliseringen av den pannoniska och den euxiniska 
utvecklingen. Utredningen syftar till att antingen uppna godtagbara losningar eller 
att precisera de divergerande standpunkterna. ; 

Fransett de divergerande asikterna om uppkomstsattet och den regionala uppdel- 
ningen av de tertiaéra veckningszonerna och deras 6verskjutningstacken samt es 
jeveckningens mekaniska problem har forfattaren dvenledes upptagit pe an = 
andra fragor av tektonisk natur, som bruka tolkas pa olika satt. Hit hor fragan ot e 
tertiara veckningsfasernas antal, deras relativa langd och regionala spridning, proble- 


1 Varderingen av s. k. vetenskapliga framsteg 6verskuggas tyvarr icke sdllan av referenternas 


personliga askadningar. 
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met om orogenesens kontinuitet eller diskontinuitet; vidare fragan om de férekom- 
mande brottstrukturerna (enligt Strrre) kan tillordnas de orogena faserna, eller om 
man mis‘e rakna med epirogenetiska rérelser som orsak. Dessutom har upptagits till 
behandling spérsm&let huruvida Stites »Gesetz der Hochfaltung» har allman giltig- 
het och den mycket spridda uppfattningen, att de yngre bergskedjornas hojningsrorel- 
ser huvudsakligen har skett postorogent. Vidare behandlas relationerna mellan de yng- 
re veckningszonerna och angriinsande omraden med germanotyp tektonik. 
Sambandet mellan vulkanism och tektonik diskuteras endast med hiansyn till de unga 
eruptivmassornas upptradande inom SO-Alperna och vid Balaton-sj6n i vastra Ung- | 
er. En mer ingiende undersékning av hithérande spérsmal anses enligt forfattaren 
endast mdjlig, om man dryftar dem i samband med den samtida vulkanismen inom 
Karpaterna (»innerkarpathischer Giirtel»), pa Balkan och inom Appeninomradet. 


De sedimentologiska fragestallningarna lagger vikt vid relationerna mellan sedimen- 
tation och tektonik. Det som hir intresserar forfattaren sarskilt ar sarskiljandet av oro- 
gen och epirogen sedimentation inom det sydvast-alpina avlagringsomradet, samt den 
cykliska sedimentationen (»Grosszyklen») med dess relation till tektoniken och slut- 
ligen inflytandet av eustatiska havsytevariationer pa de regionala sedimentationspro- 
cesserna. 


Som redan bokens titel antytt ar en av dess huvuduppgifter att utroéna de kronolo- 
giska och genetiska relationerna mellan tektonik och morfogenes. Av behandlade och 
enligt WinKLER-HERMADEN fortfarande 6ppna fragor marks Davis »morfologiska cykel», 
med bl. a. problemet om de tektoniska rérelsernas inverkan pa den samtida morfoge- 
nesen, samt de differentierade klimatiska inflytandena pa den morfologiska utveck- 
lingen av tertiar-kvartara landskap. Vidare forekommer en kritisk granskning av de 
geologisk-tektoniska forutsattningarna for utbildningen och den regionala utbredningen 
av s. k. »Rumpfflachen» samt Piedmonttrapporna inom yngre orogenomraden. De sto- 
ra meningsskiljaktigheter som rada, nar det galler dateringen av de morfologiska ut- 
vecklingsfaserna, belysas ingaende; i vissa avseenden lamnas klargdrande besked. Har- 
vid papekas bl. a., att ordnandet av bestamda geomorfologiska utvecklingstillstand 
till hela langden av en geologisk »Stufe» eller t. 0. m. en geologisk formation i de 
flesta fall ar obefogat. Beteckningar som gammaltertiart peneplan, miocent pene- 
plan, osv. ger en oklar och felaktig bild av bildningens langvarighet, som vanligtvis ut- 
gor endast brakdelar av den geologiska period, vars namn kommit till anvandning. 
(Detta giller aven for peneplan-benamningar i aldre orogenen.) 


Det ar sjalvfallet omdjligt att inom denna ram ge ens en nagot sa nar rattvis bild 
av de ca 750 innehallsrika sidorna. Salunda skall i fortsattningen endast namnas nag- 
ra av frfattarens vasentliga arbetsresultat. Det kan val formodas, att de alpin-stratigra- 
fiska fragorna ej har samma intresse for de skandinaviska landerna, som de mer prin- 
cipiella resultaten av tektonisk-orogenetisk och geomorfogenetisk karaktiar. 


Vid diskussionen av de tektonisk-orogenetiska férhallandena kommer WINKLER-HER- 
MADEN Dl. a. till den slutsatsen, att forekommande 4kta brottbildningar tillhdr en éver 
lang tid fortgaende utveckling och ej kan inordnas i Stmies fasbundna orogencykel. 
Representerande en form ay s. k. tensionstektonik skiljer de sig fran tackenbildningar, 


veckningar, germanotypa brottveckningar, o. d. — den s. k. kompressionstektoniken, 
sam visar en utpraglad faskaraktar. 


Vidare pavisas betydande epirogenetiska sainkningar och i samband med dessa fore- 
kommande »Verschiittungen», som under ungtertiar tid flera ganger har traffat hela 
Alpomradet, t. 0. m. fram till pliocen, dar de avbréts av den dar redan tydliga héj- 
ningsutvecklingen. Dessa epirogena héjningar, med uppvalvningar som féljd, skedde i 
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aser och anses férorsakade av isostatiska rérelser eller understrémningar p& djupet. 
zangvariga och inom ungtertiar tid talrikt forekommande skeden av utpraplad tekto- 
isk inaktivitet anses upptrida omedelbart fére eller efter tider aralterce 
angentiell tektonisk verksamhet. Till dessa skeden knyt 
brasionsterrasser och peneplanbildningar. 

Alpernas_ kretaceisk-tertiara utveckling (»alpidischer Grosszyklusy ) uppdelas pa 
rund av omfattande transgressioner i dvre kritan (maastricht) i en kretaceisk och en 
ertiar evolution. Orogenesens héjdpunkter med bildningar av 6éverskjutningstZcken 
mytas till mitten av krit-tiden och till bérjan av tertiar-tiden. Fran och med miocen 
ir ett avtagande av de orogena rérelserna patagligt. Den tertiaéra orogena evolutionen 
ignas en ingaende analys med bl. a. en uppdelning i fem huvudcykler (laramisk, pyre- 
leisk, savisk, steirisk, yngstalpidisk). Varje huvudcykel best&r av orogena, epirogene- 
iska och tektoniskt inaktiva stadier. Den sista huvudcykeln (yngstalpidisk: fran sarmat 
ill nutiden) uppdelas t. ex. ytterligare i sju delskeden, varvid de orogena roérelserna 
inderindelas i olika veckningsstétar (»Faltungsstésse» ) 


ade av 
as uppkomsten av markerade 


Alla i dagens relief forefintliga morfologiska formelement kan inom Ostalperna in- 
rdnas i den sista cykeln, d. v. s. att de ar icke Aldre in sarmat. Hit raknas som Aldsta 
nheter de inom centrala delar éver 3 000 m héjd belagna peneplanrelikterna (»Insel- 
yerge»). De vidstrackta och idgonfallande hédjdytorna pa nagot lagre niva anses ha 
illkommit under eller strax efter pliocen tid. 


Under ungtertiar tid bildade Alpomradet aldrig en slatt utan ett kuperat landskap, 
fta med »Mittelgebirgs»-karaktar. Alpernas morfologiska utveckling under tertiarti- 
tens fem orogena huvudcykler visade enligt stratigrafiska och sedimentologiska krite- 
jer upprepade evolutioner med reliefbildning under och efter hédjningsrérelserna och 
lartill anslutande utjamningstendenser intill nasta hojningsepoks borjan. De tertiara 
Alpernas relief har saledes haft fem reliefenergetiska hojdpunkter. Landskapens form- 
fivning skedde i intimt samband med de orogena rorelsrna. Endast de s. k. »Rumpf- 
taffeln» maste hanforas till tektoniska vilopauser (J/.c.). Beroende pa héjningsimpul- 
ernas mekanisk-geometriska verkningssatt skiljer forf. pa olika morfologiska formresul- 
at (»Verbiegungsrumpftreppen», »Rumpfschollentreppen» o. d.). Bortforandet av lésa 
yrodukter (»morphologische Ausréumung») har skett lineart eller areellt. Det senare 
allet har betingats av under lang tid permanenta erosionsbaser med stor regional ut- 
yredning. De ha tillkommit antingen omedelbart fore orogenesens bérjan (»Initial- 
iimpfe») eller efter orogenesens avslutning (»Sequenzriimpfey ). 


Naturligtvis behandlas 4ven manga andra hithorande dmnen. Bara nagra exempel: 
[rans- och regressionens inflytanden pa den morfologiska utvecklingen; den preglaciala 
lalreliefen och glacialerosionens betydelse, andra klimatforandringars bidrag till mor- 
ogenesen, de eoliska inverkningarna o. s. v. I avsnittet over tektoniska inverkningar pa 
lal- och flodsystemens orienteringar sattas dessa i forbindelse med yngre storningar, 
kollkrékningar, uppvalvningar o. s. v. Det namnes dock ingenting om det for Alper- 
as kristallina omraden si karakteristiska sambandet mellan orienteringen av petro- 
ektoniska strukturer (framst stangligheter och deras lagbundna spricksystem) och da- 
armas och flodernas férlopp (»Gefiigerelief» ). 


Bokens text kompletteras med talrika stratigrafiska tabeller, geologiska kartor och 
yrofiler, morfologiska kartor, samt fotografier. Eu extra eloge skall ges for de aes 
ch instruktiva landskapsrekonstruktionerna i olika utvecklingsstadier, askadliggjor a 
blockdiagram. De som planscher bifogade, synnerligen innehallsrika ee 
wv geologisk-tektonisk och morfologisk natur skulle vunnit mycket i eee rat e 
unde ha tryckts i farg. Detta reducerar dock icke pa nagot satt det enastaende vardet 
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av detta arbete, som lang tid fram&t kommer att forbli ett standardverk for geologer 
och morfologer med intresse for orogenesforskning och bergskedjeomradenas morfoge~ 
nes, speciellt naturligtvis for dem som arbetar med regional anknytning. 


Hans J. Koark 


Bestamningsschema fér eruptivbergarter 


Fran Lunds universitets geologisk-mineralogiska institution har utgivits en Oversiktt 
av eruptivbergarterna efter TréceR i schemaform (40 X 60 cm), avsedd att sattas 
upp pa vaggen. Schemat r lattlast och anda utforligt. Det kostar 2 kr och kan rekvire- 
yas fran den utgivande institutionen. 

Ett hafte om 12 sidor med korta och koncisa bestamningstabeller finns ocksa till ett 
pris av 1 kr. Publikationerna har i férsta hand kommit till for att tjana undervisnings-: 
andamal, men eftersom Trocers klassiska bok sedan lange varit utgangen ur bokhan- 
deln och nagra rykten om ny upplaga icke férsports, har de varde aven for den redan| 
fardigutbildade geologen, nar denne 6nskar friska upp sitt minne pa en eller annan| 
punkt. 

Per H. Lundegardh 


Huco Freunp: Handbuch der Mikroskopie in der Technik. Band I. Die 
optischen Grundlagen, die Instrumente und Nebenapparate fiir die 
Mikroskopie in der Technik. Teil I. Allgemeines Instrumentarium der 
Durchlichtmikroskopie. Umschau Verlag. Frankfurt am Main 1957. 
681 + 53 sidor, 285 illustrationer, 5 fargplanscher och 18 tabeller. 
Pris) DM. 94: 


Trots att foreliggande volym till numreringen statar forst i raden i denna mastodont- 
serie om mikroskopet i teknikens tjanst, har den ologiskt nog inte tilldelats samma 
prioritet nar det galler utgivningsdatum. Detta har dock haft det goda med sig, att det 
beretts plats aven for de allra modernaste instrumenten, som utvecklats under de se- 
naste arens livliga aktivitet. Genom denna férsening har redaktéren dessutom kunnat 
tillagna verket minnet av den haromaret avlidne Ernst Leitz (andra generationen) och 
darmed osdkt bringat en hyllning till det féretag, som betytt sa mycket i detta sam- 
manhang. 

Den nara anknytningen till Leitz framtrader tydligt redan i inledningskapitlet, vazs 
forfattare ar direkt knuten till foretaget. Naturligt nog kommer darmed ocksi mest 
Leitz’ egna produkter i rampljuset i denna mer allmanna 6versikt av tillganglig utrust 
ning for mikroskopering i genomfallande ljus. Ett intressevackande inslag i framstall- 
ningen ar bl. a. den utfdrliga redovisningen av olika konstruktionstekniska finesser, 
som man annars sallan agnar en tanke at. I det rikhaltiga urvalet av mikroskoptillbe- 
hor finns sakert nagon nyhet av varde fér lasaren. SAledes var det helt okant fdr rec. 
att det fanns speciella Brillentragerokular till gagn fér den glaségonprydde. Daremot 
saknas fortfarande den sedan linge efterlysta okularkonstruktionen med gummilist som 
st6tfangare for sémndruckna huvuden. Pa képet far man praktiska vinkar och rad, av 
vilka de som giller instrumentvarden aldrig kan upprepas for ofta (dammet = mikro 
skopets fiende nummer ett!). | 

Elektronmikroskopet har dverhuvudtaget ej upptagits till behandling, vilket forefal 
ler vara en valmotiverad gransdragning, medan polarisations-, faskontrast- och fluores. 
censmikroskopen vart och ett i kraft av sin speciella karaktar tilldelats ett av de tr 
efterfoljande kapitlen. Den digraste avdelningen i boken omfattar just polarisations 
mikroskopet och metodiken att studera optiskt anisotropt material. En utredning ay 
indikatrixbegreppet eller av polarisationsoptiska undersékningsmetoder kan ju inte va 
rieras pa sa manga olika satt och det mesta ar valkant fran andra handbécker, met 
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man imponeras onekligen av de frascha och instruktiva illustrationerna, som fdr 6vrigt 
praglar hela boken. Formdubbelbrytning och gelernas optik har gjorts till foremal for 
arskilt utforligt studium. Bortsett fran det teoretiska underlaget saknar framstallningen 
direkt anknytning till mineralogiska metoder, som ju redovisas i ett annat band. 

Av stort och allmant varde ar den innehillsrika och synnerligen instruktiva redogé- 
relsen for de optiska principer, pa vilka faskontrastmetoden ir baserad, medan aysnit- 
fet om fluorescensmikroskopering helt ar avpassat for medicinskt och biologiskt bruk. 

De Aaterstaende kapitlen saknar val ocks4 i de flesta fall ett mer direkt intresse fran 
seologisk synpunkt (kemi-mikroskop, mikrospektralfotometri, mikromanipulatorer, mik- 
‘oskopering vid speciella temperaturforhallanden). Daremot har mikroskopiska langd- 
Ich ytmatningar och framfér allt olika kvantitativa utvarderingsmetoder tilldragit sig 
allt st6rre uppmiarksamhet under de senaste decennierna. Dessa fragor har har behand- 
ats i tva narstaende kapitel men kunde gott ha tilldelats stérre utrymme, garna pa be- 
sostnad av goniometrarna, dar Atminstone kontaktgoniometern avgjort inte har nagot 
att gora i en handbok av detta slag. Symtomatiskt nog ges avslutningsvis en beskriv- 
ling av olika typer av mikrotomer, ytterligare accentuerande att boken i férsta hand 
yander sig till en organiskt inriktad publik. 

Kompetensen hos de olika forfattarna kan forvisso ej ifragasittas; i en del fall borgar 
edan deras titlar for stora vetenskapliga meriter. Emellertid ar det alltid forknippat 
med svarigheter att samordna ett flertal alster av olika férfattare till en logisk helhet. 
Medan exempelvis en férfattare bemédar sig om att gora en tydlig atskillnad mellan 
upp och mikroskop, sa anvander en annan samma begrepp betydligt lattsinnigare. Det 
can ej heller undvikas att vissa moment tuggas om i olika sammanhang, men direkt 
mOdig forefaller den dubblering av bildmaterial, som forekommer pa flera stallen och 
om Aven drabbar sa triviala saker som en Monla-lampa. Sadana skonhetsfel forringar 
jaturligtvis inte pa nagot satt arbetets héga kvalitet. 


. Bengt Lindqvist 


E. Racurn: Géologie du Granite. Deuxiéme édition revue et mise a jour. 
Avant-propos par le professeur C. E. Wegmann. — Masson & Cie 
Editeurs, Paris 1957. 2,400 ffr. 


Den andra upplagan av Raguin’s granitmonografi 4r till sin upplaggning tamligen 
ikartad den forsta, vilken utkom 1946. Textsidantalet har dkats fran 200 till 260 och 
mtalet textfigurer fran 46 till 51. Antalet refererade arbeten har mer an fordubblats, 
ran 126 till 292. Av de nytillkomna arbetena dro 141 tryckta 1946 eller senare. Att 
Raguin’s bok publicerats pa franska, liksom férsta upplagan, gor kanske att manga 
mgelsk- och tysksprakiga lasare ej komma att stifta bekantskap med verket, vilket ar 
tt beklaga. Ett starkt skal for sprakvalet finnes dock, nar man betanker det stora in- 
resset fOr granitforskningen inom fransk-sprakiga lander. Har behéver endast namnas 
ad forskare som Cailleux, Lapparent, Perrin, Raguin, Roubault och Termier betytt 
ér denna gren av petrologien. I viss man framgar den franska skolans betydelse av 
itteraturférteckningen till Géologie du Granite: fransksprakigt 49 %, engelsksprakigt 
1 %, tysksprakigt 17 %, varvid det dock maste papekas att fans ae eras 
1edtagits betydligt mera fullstandigt an fallet varit for engelsk- och tyskspra is ! 

Den nu utkomna upplagan behandlar pa ett foredomligt satt vitt skilda aspe ter pa 
ranitproblemet. En viss omdisponering av materialet har agt rum, resulterande : s 
? andlingsfoljd an fallet var for forsta upplagan. Som helhet betra ta 
sammanstallning av: graniternas karakteristika. De inledan- 
hall och mikrostrukturer har utvidgats ee ee dock 

i i ‘krostrukturerna ha forts annu nagot utforligare, da lessa i 
oe on Scie Cara aro avgorande for bergarternas tidigare wilad 
ven kapitlet om pegmatiter och apliter har:starkt utdkats; tyvarr har dock Rambergs 


aera logisk beh 
tgér boken en val avvagd 
e kapitlen om mineralinne 
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pegmatitundersdkningar fran Gronland ej hunnit medtagas i den nya upplagan. I sam-~ 
band harmed maste man beklaga att, tydligen av ekonomiska skal, inga fotografiska: 
illustrationer medtagits, samtliga figurer aro tecknade. Nar det galler en sa central ochi 
omdiskuterad fraga inom geologien som graniternas genesis, sa ar illustrationsmateria- 
let av avgérande betydelse for lasaren, bade makro- och mikrostrukturellt. — I avslut- 
ningskapitlen behandlas pa ett utmarkt satt forhallandet mellan graniter och malm- 
bildning, ett omrade dar Raguin sjalv bidragit med grundlaggande undersokningar. 

Géologie du Granite utgér en av de fataliga generella granitbeskrivningarna, ochi 
Raguin har lyckats att, i annu hégre grad 4n for forsta upplagan, redovisa det sakligai 
underlag som utgor grunden fér de olika »skolornas» uppfattning. 


P. Ljunggren 


W. Keser: Einfiihrung in die Kristallographie. Zweite, verbesserte und 
erweiterte Auflage. VEB Verlag Technik. Berlin 1958. 332 s., 316 fig., 
44 tab. Pris kr. 29: 40. 


Bland de larobécker i elementar kristallografi, som utgivits under de sista aren, in- 
tar professor Klebers bok en sarstallning genom sin moderna, val genomtankta upp- 
lagening och lyckade avvagning av det rikhaltiga materialet. Boken omfattar morfolo- 
gisk kristallografi med kristallstrukturlara, kristallkemi och kristallfysik, och ger lasa- 
ren en klar bild éver de viktigaste och mest aktuella problemstallningarna inom kristal- 
lografin. Framstallningen i-boken ar klar och kortfattad. Pa vissa stallen ar texten dock 
allt for knapphandig och darigenom svarbegriplig. Detta medfér, att boken knappast 
kan anvandas vid sjalvstandiga studier. Det ar ocksa férfattarens mening, att boken 
lampligast bor anvandas som komplement till forelasningar och 6vningar. 

Som varje bok saknar ej heller Klebers verk fel och ojamnheter, men dessa Ar fa 
och i stort ovasentliga. Sett med en larares 6gon hér delen om morfologisk kristallo- 
grafi till de svagaste i boken. Egentligen gor sig forf. ej skyldig till manga direkta fel. 
Anmarkningarna mot denna del av boken ar mera av allman karaktar och riktar sig 
huvudsakligen mot vissa tendenser, som kan sparas aven i flera andra nya larobécker i 
kristallografi. 

Genom den snabba ékningen av vara kunskaper om kristallernas inre byggnad hat 
kristallografernas intresse under de sista 30 aren huvudsakligen inriktats pa kristall- 
strukturen. Morfologisk (fenomenologisk) kristallografi har fatt trada i bakgrunden och 
betraktas numera av somliga forskare med ett visst férakt. Mineralogerna har dock 
aldrig ifragasatt kristallmorfologins stora betydelse. Under sista decenniet, i samband 
med intensiva undersékningar éver kristallernas tillvaxt och tillvaxtformer, har emel- 
lertid intresset for morfologin aterupplivats. Darfér ar det ledsamt, att den sobra, noge 
utarbetade systematiken dver de enkla kristallformerna, som kostat flera kristallograf. 
generationer sa mycken méda, 6vergivits av Kleber. Anm. tycker, att en ofullstandig 
upprakning av de i olika kristallklasser forekommande formerna, sidan den ges i Kle 
bers bok (men Aven i andra liknande larobicker), ar, pedagogiskt sett, naistan vardelés 
Vad ar det for mening med att t. ex. férsdka morfologiskt skilja p& héger och vanstel 
6-kvartskristaller (fig. 79 pa s. 63) nar vid beskrivning av klassen 32 inte ges nagor 
upplysning om existensen av vanster och héger kristallformer (trapetsoedrar, trigonal 
dipyramider, ditrigonala och trigonala prismer!). Nybérjaren i kristallografi komme 
vid granskning av de tva kvartskristallerna i fig. 79 att undra, enligt vilka regler mar 
bestammer vanster och héger former. Vilken av dessa kristaller kallas for héger? Oct 
varfor? Samma giller fig. 57, 123 och i synnerhet 113, d& i texten inte har omnimnts 
att kristallerna pa denna ritning befinner sig i icke kommensurabla lagen (vanstra kri 
stallbilden ar vriden 90° i férhallandet till den hégra). Ordféljden »hégery och yvans 
ter» i texten till dessa bilder ar missvisande (utom fig. 79), d& den inte star i relatior 
till vanster- och hégerkristallens position i ritningen. Det skulle val inte vara s{ svat 
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att pa nagra sidor uppratta tabellarisk sammanstallning dver samtliga enkla kristallfor- 
mer och deras symboler. En sadan sammanstillning dr lika eller t. o. m. mera beriit- 
tigad an den 7-sidiga tabellen over rymdgruppssymboler pa s. 83—89. Men framforallt 
maste det ordentligt férklaras, hur man kommer till de omnamnda enkla formerna och 
deras formsymboler. 

Man skulle ocksa velat se skarpare definitioner p& vissa fundamentala begrepp, t. ex. 
kristallografiska axlar och enhetsparametrar, da skillnaden mellan dessa i boken aldrig 
riktig kommer fram. Varfér anvander inte férf. de fdr kristallografiska axlar av »Inter- 
national Tables for X-Ray Crystallography» rekommenderade symbolerna x-, y-, z-? 

Nagra figurer ar missvisande. Pa bilden, som skall illustrera den sextaliga inversions- 
axelns verkningssitt, ar symmetriplanet onédigt inritat (fig. 49). Detta stereogram 
skall antingen uppvisa 6 (enbart!) eller 3 + m. Samma fel har gjorts pa stereogram- 
met for 6 pa s. 52. Kanske bér det omnamnas, att man patraffar detta misstag Aven 
pa s. 27 i »International Tables for X-Ray Crystallography». Samtliga i fig. 50 av- 
bildade stereogram Ar felaktigt forsedda med ett symmetriplan. I stereogrammet for 
m 3 pa s. 52 saknas tre tvataliga axlar. 

Med hinsyn till de i litteraturférteckningen bl. a. rekommenderade ryska larobéc- 
kerna skulle det varit lampligt att i anslutning till beskrivningen av rymdgrupperna 
omnamna antisymmetriprincipen och Schubnikovs grupper. 

Forf. deklarerar i inledningen, att han i den nya upplagan infért den terminologi 
for ljusbrytningsindices, som anvands bl. a. i Trégers tabeller. Denna mycket olyckliga 
terminologi (jfr GFF 75, 1953, s. 523—524) har vackt stark opposition, sarskilt i USA. 
Benamningarna X, Y, Z for indikatrisens axlar harstammar fran Iddings (1911). Sym- 
bolerna n,x,n,,n, for ljusbrytningsindices inférdes fér flera Ar sedan av H. Winchell. Hu- 
vudsyftet med Iddings beteckningar var, att man i kristalloptiska beskrivningar och 
ritningar skulle kunna skilja mellan svangningsriktningar och ljusbrytningsindices for 
motsvarande vagnormaler. Med X, Y, Z betecknas salunda den 3-axliga optiska indi- 
katrisens lage i kristallen och med n,,ny,n, ljusbrytningsindices. Overgangen till den 
nya symboliken har inte medf6ért nagon stérre férdel for Klebers bok. Tvartom, fram- 
stallningen har darigenom férlorat i klarhet. I motsats till Winchell och Troger an- 
vander Kleber pa samtliga ritningar nx,n,,n, och icke X, Y, Z for att beteckna indi- 
katrisens lage i kristallen. Men pa ett stalle i texten (s. 247-248) anvander han for 
samma andamal XYZ. 

Anm. kunde i boken inte hitta nagon figur, som visar en typisk axelbild for sneda 
snitt i tvaaxliga kristaller. Fig. 281 ger ingen riktig uppfattning om de typiska dragen 
hos sneda snitt, eftersom alla tre rader axelbilder demonstrerar specialfall (snittet vin- 
kelratt mot optiska axelplanet). Denna ritning harstammar egentligen fran Levy och 
Lacroix och ar endast omritad av Chudoba. 

Trots alla dessa anmirkningar mAste professor Klebers bok i sin helhet anses _myc- 
ket lyckad och kan pa det varmaste rekommenderas at alla, som Gnskar bilda sig en 
uppfattning om den moderna kristallografin med dess problem och arbetsinriktningar. 
Det rader inget tvivel om, att denna utmarkta larobok kommer att bli mycket upp- 
skattad av studerande vid vara universitet och hégskolor. Det i forhallande till den 
pakostade utstyrseln relativt laga priset kommer vasentligt att bidra till bokens sprid- 
ning. 

Otto Mellis 
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Motet den 6 november 1958 


Narvarande 35 personer. 

Ordféranden, hr T. Eriksson, forklarade sammantradet 6ppnat och meddelade fol- 
jande: 

Styrelsen har enhalligt utsett professor A. A. Bogdanov, Moskva, till korresponde- » 
rande ledamot av Foreningen. Bogdanov, som 4r professor i geologi och tektonik, har 
sarskilt sysslat med utgivandet av geologiska och tektoniska kartor. Han ar en av int | 
tiativtagarna till den stora tektoniska kartan 6ver U. S. S. R. av ar 1957. I sin verk- 

samhet har Bogdanoy visat livligt intresse for Skandinaviens geologiska férhallanden. 

Styrelsen har till ledaméter av Foreningen inyalt amanuens Roland Skoglund, Upp- 
sala, féreslagen av hr Thorslund, och fil. stud. Een Parnamaa, Lund, foreslagen av 
hrr P. Ljunggren och J. von Feilitzen samt fil. stud. Lars E. Kers, Goteborg, foresla- | 
gen av hrr K. Nilsson och G. Ekstrém. 

Darefter dverlamnades ordet till professor A. C. Blanc fran Istituto Italiano di 
Paleontologia Umana i Rom, som hdoll ett med talrika fargbilder illustrerat foredrag 
med titeln: The Pleistocene sequences of Rome and of the littoral paleolithic sites of 
the Tyrrhenian coast of Italy. 

Med anledning av foredraget yttrade sig hrr G. Hoppe och C. G. Wenner. 

Vid motet utdelades nr 494 avy Forhandlingarna. 


Motet den 4 december 


Narvarande 72 personer. 

Ordféranden, hr T. Eriksson, 6ppnade métet och meddelade, att styrelsen till leda- 
moter i Féreningen invalt civilingenjér Kirsten Heien-Larssen, Stockholm, féreslagen 
av hrr T. Eriksson och B. Jarnefors, civilingenjér Rune Lundstrém, Stockholm, fére- 
slagen av hrr K. E. Mars och T. Eriksson, dverdirektér K. A. Lindbergson, Stockholm, 
foreslagen av hr G. Lundquist och slutligen fil. mag. Ebbe Zachrisson, Stockholm, fé- 
reslagen av hr Gavelin. 

Forrattades val av styrelse och revisorer for ar 1959, varvid utsagos: 

tll ordforande hr O. Meier 

till sekreterare hr E. Ahman 

till redaktor for Férhandlingarna hr P. H. Lundegardh 

till skattmastare hr O. Gabrielsson 

till 6vriga ledaméter av styrelsen hrr T. Eriksson och E. Fromm. 

Till revisorer att granska 1958 ars férvaltning utsgos hrr B. Dahlman och B. Jarne- 
fors med hr J. Lundqvist som suppleant. 

Herr R. Frietsch h6ll darefter ett med kartor och talrika fargbilder illustrerat fére- 
drag om: Nya synpunkter pa Kirunatraktens stratigrafi. 

Med anledning av foredraget yttrade sig hrr Edelman, Geijer, Hagerman, Henriksen, 


Lindroth, Loostrém, Sundius och féredragshallaren. Referat av diskussionsinlaggen in- 
foras i hafte 1, 1959. 
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Geolognytt 


Forfattare till mineralogiska uppsatser uppmanas att omgaende dversinda separat av 
dessa till professor Sven Hjelmqvist, Geol.-miner. inst., Lund, som kommer att refe- 
rera dem i Mineral Abstracts. 
- Bergsingenjér W. Sidenvall, Uppsala, har fran 1 jan. 1959 utnamnts till gruvingen- 
jor vid Bergsstaten med placering i Vastra bergmastaredistriktet, Nora. 
Vetenskapsakademien har utdelat sin Aldre Linnémedalj i guld till professor Astrid 
Cleve, Uppsala, fér hennes betydande insats p& diatomacéforskningens falt. 
Bjorkénska priset har av stérre akademiska konsistoriet vid Uppsala universitet till- 
delats professor Erik Norin, Uppsala, for hans under 4ren 1951—58 utgivna arbeten 
rorande undersdkningar av sedimentproppar fran Tyrrhenska sjén. 
Professor G. Erdtman, Stockholm, har av universitetet i Cérdoba, Argentina, inbju- 
‘dits att halla en kurs i palynologi i december 1958. 


Henrik Munthes minnesfond 


Foérre undervisningsradet Harald Wallin, Stockholm, har i dagspressen tagit initiativ 
till en insamling f6r att hedra och bevara minnet.av framlidne professorn Henrik 
Montne. Henrik Munthe var foregangsman inom den kvartargeologiska forskningen, 
speciellt marks hans banbrytande insatser for utforskandet av Ostersjéns geologiska ut- 
veckling. Vid sidan av sin tjanst som statsgeolog och sin forskning a4gnade Munthe sig 
synnerligen aktivt at skyddet och varden av Gotlands natur och kulturférhallanden. De, 
som Onskar mer varaktigt befasta och hedra Henrik Munthes minne och garning vill vi 
uppmana att pa satt som undervisningsradet Wallin foreslagit gora detta genom att in- 
sanda ett bidrag till »Henrik Munthes minnesfond for Gotlands natur»y under adress 
Svenska Naturskyddsforeningen, Riddargatan 9, Stockholm O, Postgiro 2166. 


Stockholm och Visby den 21 oktober 1958 


Ake Hovgard Gosta Lundqvist 
Landshéyding Professor, statsgeolog 


Gosta Wallin 


Justitierad, ordforande i 
Svenska Naturskyddsforeningen 


Direktorn for Geologiska forskningsanstalten i Finland prof. Aarne Laitakari har i 
anledning av uppnadd pensionsalder beviljats avsked fran den 1 januari 1959. Han har 


forestatt namnda anstalt sedan ar 1935. 


Samordning ay Aldersbestamningar i Sverige 


Vid ett mote i Stockholm den 12.11.1958 mellan representanter for Geologiska Un- 
dersdkningen, Stockholms Hégskola och AB Atomenergi dryftades de olika méjlighe- 
ter, som den narmaste framtiden finnas att fa absoluta aldersbestamningar utforda av 
ee bergarter. Da férutom de masspektrometriska blybestamningar, som utforas av 
AB Atomenergi, endast begransade m6jligheter finnas att utomlands fa kompletterande 
matningar utforda enligt andra metoder besléts att, for undvikande av onédiga dubbel- 
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mitningar, rekommendera en samordning av forskningsprogrammet. Denna kan enligt 
métet tillsvidare ske genom att centralisera registreringen av proven med angivande av 
noggrann fyndortsbeskrivning, bergart, matmetod, beraknad alder samt vem som ut- 
fort mitningen. For denna uppgift utsags fil. lic. E. Welin, AB Atomenergi, till vilken 
férfragningar om utforda bestamningar etc. kan stallas samt uppgifter om planerade 
matningar insandas. 


Eric Welin 


LKAB 


sOker 


GEOLOG 


Uppeifter Att leda det geologiska arbetet vid Férvaltningen i Ki- 
runa och bitrada gruvmatningen med den geologiska 
karteringen. 

Kyalifikationer Helst fil. lic.- examen. Den som tidigare sysslat med 


malmgeologi eller ager praktisk kannedom om Gyre 
Lapplands geologi kan rakna detta som merit. Vi lagger 
dessutom stor vikt vid samarbetsf6rmaga. 


Anstallnings- Bostad erhalles genom Férvaltningens forsorg. Den an- 
forhallande stallde pensionsf6rsikras i SPP. Ansdkan med uppgift 


om Alder, civilstand, l6nevillkor och meriter stalles till 
Administrativa avd., LKAB, Sturegat. 22, Box 5103, 
Stockholm. Tel. 63 11 80. 
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INNEHALLSFORTECKNING 


Anm. U_ efter titeln utmarker uppsats. 


N » » » notis. 
RE > » » referat av hallet foredrag. 
F » » » hallet fGredrag. 


Forfattarna aro ensamma ansvariga fdr sina uppsatsers 


vetenskapliga innehall 


Uppsatser, notiser, foredrag m. m. 


Bianc, A. C.: The Pleistocene sequences of Rome and of the littoral paleolithic sites of the 
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Craelius XH och XH-50, for djup till 600 meter 
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engelsk text, aven fér alla frammande ord, t. ex. the S-Regelung of the granite. Sparrad 
stil anvandes for att framhava vissa ord eller meningar i texten. Kapitaler an- 
vandas for personer i samband med citerade skrifter, t. ex. SaamaA 1954 I manuskrip- 


tet utmarkes : 
sparrning med - -------- 


KAPITALER »> 


kursww » 
Konsekvens i férkortningar ar i hog grad 6énskvard. Foliande detaljer kunna upp- 
. marksammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Citerade arbeten anforas i texten med angivande av férfattarens namn och arbetets 
tryckar inom parentes (SAHAMA 1954), och sammanstiallas i alfabetisk ordning vid upp- 
satsens slut (observera skiljetecknen och forkortningar): 
Sanaa, Tu. G., 1954: Mineralogy of mafurite. Bull. Comm. géol. Finl., N:o 166 
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Lésa haften av alla banden till pris beroende pa hiiftenas omfang. 

Medlemmar av Foreningen erhalla genom skattmiistaren de aldre banden av For- 
handlingarna och Generalregistret till halften av det ovan upptagna bokhandelspriset. 
A lésa haften lamnas ej prisnedsattning. (Styrelsens beslut d. 27/:0 1922.) 


Geologiska Féreningens sekreterare, Fil. Lic. Erm Auman och redaktér, Docent 
P. H. LunpEGARDH#, traffas i Féreningens angelagenheter A Sveriges Geologiska Under- 
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den torsdag, som infaller under tiden 10—16 jan. Anslag om féredragnings- 
listan finnas minst 3 dagar fére sammantradet uppsatta pA anslagstavlorna 4 ett 
antal offentliga institutioner med geologisk anknytning i Stockholm, Uppsala och Lund. 

Personlig kallelse till sammantraddena utfardas till ledaméter, som sA dnska. 

Haftena utdelas sammantradesdagarna i januari, mars, maj och november. 

Uppsatser, avsedda att inféras i Férhandlingarna, insandas till Féreningens redaktor, 
Stockholm 50. Atféljande tavlor och figurer skola vara fullt fardiga till reproduk- 
tion, da de jamte uppsatsen sandas. 

I Férhandlingarna ma uppsatser inféras antingen pa skandinaviskt sprak eller pa 
engelska, franska eller tyska. F6rfattare vare skyldig att bifoga i det forra fallet 6ver- 
sattning av titel och figurtexter samt kort resumé pa engelska, franska eller tyska, 
i det senare fallet, da Styrelsen anser sadan 6nskvard, resumé pa skandinaviskt sprak. 

Manuskript, skrivet pa frammande sprak, skall vara granskat av sakkunnig sprak- 
man, varom meddelande géres till redaktéren, 

Darest korrektionskostnaderna fér inférd uppsats uppga till mera an 24 kronor pr 
tryckark, vare forfattare skyldig att erlagga det 6verskjutande beloppet, savida det upp- 
gar till minst 10 kr pr uppsats. 

Forfattare erhaller gratis av inforda uppsatser 75 separat i omslag utan titel; ytterli- 
gare ex. samt ev. omslagstitel betalas av forf. Av notiser, anmAalanden och féredragsre- 
ferat lamnas separat endast efter sarskild 6verenskommelse. 

Referat honoreras salunda (Féren. beslut **/: 1958): 
l:sta sidan eller del darav efter 40 dre pr tryckrad, 2:dra sidan efter 30 och 3:dje sidan 
eller del darav efter 20 ére pr tryckrad. Féljande sidor honoreras icke. 

Anmialan om féredrag och meddelanden gores i god tid hos sekreteraren. 

Ledamiternas 4rsavgifter, vilka enligt § 7 av Féreningens stadgar skola vara er- 
lagda senast den 1 mars, inbetalas 4 postgiro 2108, Geologiska Féreningen, Stockhol = 
50, eller insandas till skattmastaren, Intendent O. GaABRIELSON, St o ckholm 50, till 
vilken Aven lamnas uppgifter om 4ndring av adresser och titlar. 

Arsavgiften utgér kr 20:—, avgift sisom standig oe NS 
Ledamot, som under en féljd av minst 20 4r erlagt arlig ON Se cae bliva wee 
dig ledamot mot en avgift av kr 125:—. Ledamot, som under 50 4r erlagt arlig avgitt, 
A iad fra erligare Arsavgifter till Foreningen. 

Seon eRe Foreningen, Stockholm 50. Postgiro: 2108. Telefon: 34 97 90. 
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